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Dr. Ron Larson and Dr. Laurie Boswell began writing together in 1992. Since that time, 
they have authored over two dozen textbooks. In their collaboration, Ron is primarily 
responsible for the student edition while Laurie is primarily responsible for the 
teaching edition. 
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For the Student =. 


Welcome to Big Ideas Math Algebra 1. From start to finish, this program was designed with 
you, the learner, in mind. 


As you work through the chapters in your Algebra 1 course, you will be encouraged to think 
and to make conjectures while you persevere through challenging problems and exercises. 

You will make errors—and that is ok! Learning and understanding occur when you make errors 
and push through mental roadblocks to comprehend and solve new and challenging problems. 


In this program, you will also be required to explain your thinking and your analysis of diverse 
problems and exercises. Being actively involved in learning will help you develop mathematical 
reasoning and use it to solve math problems and work through other everyday challenges. 


We wish you the best of luck as you explore Algebra 1. We are excited to be a part of your 
preparation for the challenges you will face in the remainder of your high school career 
and beyond. 
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Big Ideas Math 


High School Research 


Big Ideas Math Algebra 1, Geometry,’and Algebra 2 is a research-based program providing a 
rigorous, focused, and coherent curriculum for high school students. Ron Larson and Laurie 
Boswell utilized their expertise as well as the body of knowledge collected by additional expert 
mathematicians and researchers to develop each course. The pedagogical approach to this 
program follows the best practices outlined in the most prominent and widely-accepted 


educational research and standards, including: 


Achieve, ACT, and The College Board 


Adding It Up: Helping Children Learn Mathematics 


National Research Council ©2001 


Curriculum Focal Points and the Principles and Standards for Schoo! Mathematics ©2000 


National Council of Teachers of Mathematics (NCTM) 


Project Based Learning 
The Buck Institute 


Rigor/Relevance Framework™ 


International Center for Leadership in Education 


Universal Design for Learning Guidelines 


CAST ©2011 
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Texas Mathematical 
Process Standards 


Apply mathematics to problems arising in everyday life, society, and the workplace. 


© Real-life scenarios are utilized in Explorations, Examples, Exercises, and Assessments 
so students have opportunities to apply the mathematical concepts they have learned 
to realistic situations. \ 

@ Real-world problems help students use the structure of mathematics to break down 
and solve more difficult problems. 


Modeling Real-Life Problems 


EXAMPLE 5 Modeling with Mathematics 


Water fountains are usually designed to give a specific visual effect. For example, 

the water fountain shown consists of streams of water that are shaped like parabolas. 
Notice how the streams are designed to land on the underwater spotlights. Write and 
graph a quadratic function that models the path of a stream of water with a maximum 
height of 5 feet, represented by a vertex of (3, 5), landing on a spotlight 6 feet from the 


water jet, represented by (6, 0). 


SOLUTION 


1. Understand the Problem You know the vertex and another point on the graph 
that represents the parabolic path. You are asked to write and graph a quadratic 
function that models the path. 


. Make a Plan Use the given points and the vertex form to write a quadratic 
function. Then graph the function. 


Use a problem-solving model that incorporates analyzing 
29. PROBLEM SOLVING The graph shows the percent 


given information, formulating a plan or strategy, p (in decimal form) of battery power remaining 
mire . . . . . in a laptop computer after ¢ hours of use. A tablet 
determining a solution, justifying the solution, and computer initially has 75% of its battery power 


remaining and loses 12.5% per hour. Which 
computer’s battery will last longer? Explain. 
(See Example 5.) 


evaluating the problem-solving process and the 
reasonableness of the solution. 


Laptop Battery 


© Reasoning, Critical Thinking, Abstract Reasoning, and 
Problem Solving exercises challenge students to apply 
their acquired knowledge and reasoning skills to solve 
each problem. 

© Students are continually encouraged to evaluate the 
reasonableness of their solutions and their steps in the 
problem-solving process. 


Power remaining 
(decimal form) 


Viens Ge 
Hours 


Select tools, including real objects, manipulatives, paper and pencil, and technology 
as appropriate, and techniques, including mental math, estimation, and number 
sense as appropriate, to solve problems. 


@ Students are provided opportunities for selecting USING TOOLS In Exercises 21-26, solve the inequality. 
and utilizing the appropriate mathematical tool in Use a graphing calculator to verify your answer. 
Using Tools exercises. Students work with graphing | 21. 36 < 3y 22. 17v 251 
calculators, dynamic geometry software, models, 


and more. 
© Avariety of tool papers and manipulatives are available 
for students to use in problems strategically, as appropriate. 


@ Students are asked to construct arguments, 

critique the reasoning of others, and evaluate 
multiple representations of problems in specialized 
exercises, including Making an Argument, 

How Do You See It?, Drawing Conclusions, Reasoning, 
Error Analysis, Problem Solving, and Writing. 

Real-life situations are translated into diagrams, 
tables, equations, and graphs to help students 
analyze relationships and draw conclusions. 


. MODELING WITH MATHEMATICS You start a chain 
email and send it to six friends, The next day, each 
of your friends forwards the email to six people. The 
process continues for a few days. 


a. Write a function that 
represents the number of 
people who have received 
the email after n days. 


. After how many days will 
1296 people have received 
the email? 


Analyze mathematical relationships to connect and 


communicate mathematical ideas. 


@ Using Structure exercises provide students with 


the opportunity to explore patterns and 
structure in mathematics. 


Q 


process and pay attention to the relevant 
details in each step. 


Display, explain, and justify mathematical ideas and arguments using precise 
mathematical language in written or oral communication. 


@ > Vocabulary and Core Concept Check 
exercises require students to use clear, 
precise mathematical language in their 
solutions and explanations. 
Performance Tasks for every chapter 
allow students to apply their skills to 
comprehensive problems and utilize 
precise mathematical language when 
analyzing, interpreting, and 
communicating their answers. 


Communicate mathematical ideas, reasoning, and their 
implications using multiple representations, including 
symbols, diagrams, graphs, and language as appropriate. 


Create and use representations to organize, record, 
and communicate mathematical ideas. 


Q Modeling with Mathematics exercises allow 
students to interpret a problem in the context of 
a real-life situation, while utilizing tables, graphs, 
visual representations, and formulas. 

Multiple representations are presented to help 
students move from concrete to representative 
and into abstract thinking. 


Stepped-out Examples encourage students to 
maintain oversight of their problem-solving 


54, HOW DO YOU SEE IT? Consider Squares 1—6 in 


the diagram. 


LY 


a. Write a sequence in which each term a, is the 
side length of square n. 


b. What is the name of this sequence? What is the 
next term of this sequence? 


c, Use the term in part (b) to add another square to 
the diagram and extend the spiral. 


PeNVigeecwm Inequalities with Special Solutions 


Solve (a) 8b — 3 > 4(2b + 3) and (b) 2(Sw — 1) $7 + 10m 


SOLUTION 

Hh = a) 

hide Bee ae IZ 

— 8b — 8b Subtract 8b from each side. 
=a 2 x Simplify. 


> The inequality —3 > 12 is false. So, there is no solution. 


4(2b + 3) Write the inequality. 


Distributive Property 


Performance Task - - “ual 


Any Beginning 


With so many ways to represent a linear relationship, where do 
you start? Use what you know to move between equations, 
graphs, tables, and contexts. 


oo 


To explore the answer to this question and more, 
go to BigideasMath.com. 


Maintaining Mathematical Proficiency 
Mathematical Thinking 

Solving Simple Equations 
Explorations 

Lesson 

Solving Multi-Step Equations 
Explorations 


Study Skills: Completing Homework Efficiently 
1.1-1.2 Quiz 


Solving Equations with Variables on Both Sides 
Explorations 

Lesson 

Rewriting Equations and Formulas 


Explorations 
Lesson 


Performance Task: Magic of Mathematics 
Chapter Review 

Chapter Test 

Standards Assessment 


See the Big Idea 

Learn how boat navigators use dead 
reckoning to calculate their distance covered 
in a single direction. 
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Solving Linear Inequalities 


Maintaining Mathematical Proficiency 
Mathematical Thinking 

Writing and Graphing Inequalities 
Explorations 


Solving Inequalities Using Addition or Subtraction 
Explorations 

Lesson 

Solving Inequalities Using Multiplication or Division 
Explorations 

Lesson 


Study Skills: Analyzing Your Errors 
2.1-2.3 Quiz 

Solving Multi-Step Inequalities 
Exploration 

Lesson 

Solving Compound Inequalities 
Explorations 


Performance Task: Grading Calculations 
Chapter Review 

Chapter Test 

Standards Assessment 


See the Big Idea 
Determine how designers decide on the number 
of electrical circuits needed in a house. 
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Maintaining Mathematical Proficiency 
Mathematical Thinking 


Functions 


Function Notation 

Explorations 

Lesson 

Study Skills: Staying Focused during Class 

3.1-3.3 Quiz 

Graphing Linear Equations in Standard Form 
Explorations 


Graphing Linear Equations in Slope-Intercept Form 
Explorations 

Lesson 

Modeling Direct Variation 

Explorations 

Lesson 

Transformations of Graphs of Linear Functions 
Explorations 

Lesson 


Chapter Review 
Chapter Test 
Standards Assessment 


See the Big Idea 

Discover why unlike almost any other 
natural phenomenon, light travels at a 
constant speed. 
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Writing Linear Functions ™™ r 


Maintaining Mathematical Proficiency 
Mathematical Thinking 


Writing Equations in Slope-Intercept Form 
Explorations 


Writing Equations in Point-Slope Form 
Explorations 

Lesson 

Writing Equations in Standard Form 
Explorations 


Writing Equations of Parallel and Perpendicular Lines 
Explorations 

Lesson 

Study Skills: Getting Actively Involved in Class 

4.1-4.4 Quiz 


Scatter Plots and Lines of Fit 
Explorations 

Lesson 

Analyzing Lines of Fit 
Exploration 

Lesson 

Arithmetic Sequences 
Exploration 

Lesson 

Performance Task: Any Beginning 
Chapter Review 

Chapter Test 

Standards Assessment 


See the Big Idea 
Explore wind power and discover where the 
future of wind power will take us. 
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Solving Systems of Linear Equations 
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Maintaining Mathematical Proficiency 
Mathematical Thinking 


Solving Systems of Linear Equations by Graphing 
Explorations 

Lesson 

Solving Systems of Linear Equations by Substitution 
Explorations 


Solving Systems of Linear Equations by Elimination 
Explorations 


Solving Special Systems of Linear Equations 
Explorations 

Lesson 

Study Skills: Analyzing Your Errors 
5.1-5.4 Quiz 

Solving Equations by Graphing 
Explorations 

Lesson 

Linear Inequalities in Two Variables 
Explorations 

Lesson 

Systems of Linear Inequalities 
Explorations 

Lesson 


Chapter Review 
Chapter Test 
Standards Assessment 


See the Big Idea 
Learn how fisheries manage their complex 
ecosystems. 
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See the Big Idea 
Explore the variety of recursive sequences 
in language, art, music, nature, and games. 


7.1 


7.2 


7.3 


7.4 


7.5 


7.6 


7.7 


7.8 


79 


See the Big Idea 


Explore whether seagulls and crows use the 
optimal height while dropping hard-shelled food 


to crack it open. 
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Polynomial Equations and Factoring 


Maintaining Mathematical Proficiency 
Mathematical Thinking 

Graphing f(x) = ax? 

Exploration 

Lesson 

Graphing f(x) = ax? + ¢ 
Explorations 

Lesson 

Graphing f(x) = ax? + bx + ¢ 
Explorations 


Study Skills: Learning Visually 
8.1-8.3 Quiz 


Graphing f(x) = a(x — h)* +k 


Explorations 

Lesson 

Using Intercept Form 

Exploration 

Lesson 

Comparing Linear, Exponential, and Quadratic Functions 
Explorations 

Lesson 


Performance Task: Asteroid Aim 
Chapter Review 

Chapter Test 

Standards Assessment 


See the Big Idea 

Investigate the link between population 
growth and the classic exponential pay 
doubling application. 
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See the Big Idea 

Explore the Parthenon and investigate how 
the use of the golden rectangle has evolved 
since its discovery. 


How to Use Your 
Math Book 


Get ready for each chapter by Maintaining Mathematical Proficiency and sharpening your 
Mathematical Thinking. Begin each section by working through the EXPLORATIONS . 


to Communicate Your Answer to the Essential Question. Each (EBETB will explain 


What You Will Learn through @SZAVESS, Gj Core Concepts, and Core Vocabulary... 


Answer the Monitoring Progress questions as you work through each lesson. Look for 

STUDY TIPS, COMMON ERRORS, and suggestions for looking at a problem ANOTHER WAY 
throughout the lessons. We will also provide you with guidance for accurate mathematical READING 
and concept details you should REMEMBER. 


Sharpen your newly acquired skills with | Exercises | at the end of every section. Halfway through 
each chapter you will be asked MAVHETUCR CUE Elias and you can use the Mid-Chapter | Quiz | 
to check your progress. You can also use the ME) uGanuiuas and EeiE a Gatti all to review and 


assess yourself after you have completed a chapter. 


Apply what you learned in each chapter to a Performance Task and build your confidence for 


taking standardized tests with each chapter's Standards Assessment } 
For extra practice in any chapter, use your Online Resources, Skills Review Handbook, or your 


Student Journal. 
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Program Overview 


Program Philosophy: Rigor and Ba 


The Big Ideas Math® program balances 
conceptual understanding with procedural 
fluency. Real-life applications help turn 
mathematical learning into an engaging 
and meaningful way to see and explore 
the real world. 


Explorations and guiding 
Essential Questions 
encourage conceptual 
understanding. 


3.3 Lesson What You Will Learn 


Pm Use function notation to evaluate an 


lance with Real-Life Applications 


Essential Question How can you use function notation to 


represent a function? 


The notation f(x), called function notation, is another name for y. This notation is 
read as “‘the value of fat x” or “fof x.” The parentheses do not imply multiplication. 
You can use letters other than f to name a function, The letters g, k, j, and k are often 
used to name functions. 


EXPLORATION 1 Matching Functions with Their Graphs 


Work with a partner. Match each function with its graph. 
a. f(x) = 2x -— 3 b. g(x) = —x + 2 
c. A(x) =x? - 1 d. j(x) = 2x? — 3 


C | | P Use function notation to solve and g 
Pm Solve real-life problems using function notation. 


function notation, p. 108 


linear function 
quadrant 


Previous Using Function Notation to Evaluate and Interpret 


You know that a linear function can be written in the form y = mx + b. By naming a 
linear function f, you can also write the function using 


fQ) = mx +b Function notation 


The notation f(x) is another name for y. If fis a function, and x is in its domain, then 
f(s) represents the output of f corresponding to the input x. You can use letters other 


than fto name a function, such as g or A. 


eV dee Evaluating a Function 


Evaluate f(x) = —4x + 7 whenx = 2andx = —2., 


READING 


The notation f(x) is read 
as “the value of f at x” or SOLUTION 
"Ff of x." It does not mean 


Real-life applications 
provide students with 


Ciera pecagtl f@) = —4x +7 Write the function. 7) = —42 47 classroom lessons to 
FAC) et. C) Roa Substitute for x. EDS aD) a8 7 oe A 
realistic scenarios. 
Sty Multiply. =8+7 ; 
Add. =15 
Solving Real-Life Problems 
Direct instruction lessons allow for TS7N ae Modeling with Mathematics 
procedu ral fl uency a nd p rovl de th S ~~ First Flight | The graph shows the number of miles a helicopter is from its destination after 
F . ; = x hours on its first flight. On its second flight, the helicopter travels SO miles farther 
opportu n ity to use clea , precise pee and increases its speed by 25 miles per hour. The function f(x) = 350 — 125x 
; 8 represents the second flight, where f(x) is the number of miles the helicopter is 
mathematical language. & from its destination after x hours. Which flight takes less time? Explain. 
o 
é SOLUTION 
P 1. Understand the Problem You are given a graph of the first flight and an equation 
FOIE RaNSNGn, of the second flight. You are asked to compare the flight times to determine which 
Hours flight takes less time. 


N 


graph to the graph of the first flight. The x-value that corresponds to f(x) = 0 
represents the flight time. 


3. Solve the Problem Graph f(x) = 350 ~ 125x. 
Step 1 Make an input-output table to find the ordered pairs. 


= 


. Rrra 
| 


fod) “| 350 | 225 | 100 ~25 


ee 


opportunities to connect 


. Make a Plan Graph the function that represents the second flight. Compare the 


Maintaining Mathematical Proficiency 


Using Order of Operations (6.7.a) 


Chapter openers focused on 
Maintaining Mathematical 
Proficiency promote the 
development of the habits of 
mind mathematically proficient 
students demonstrate. 


Example 1 Evaluate 10? + (30 + 3) — 4(3 - 9) + 5!. 


First: Parentheses 10? + (30 + 3) — 433 — 9) + 5' = 10? + 10 - 4(-6) + 5! 
100 + 10 — 4(-6) + 5 


Third: Multiplication and Division (from left to right) =10+24+5 


Second: Exponents 


Fourth: Addition and Subtraction (from left to nght) = 39 


Evaluate the expression. 


1. 12(M)~ 33 4 15-0 Poise GemMinda §, ye ieee ga) 


Finding Square Roots (A.11.A) 
Example 2 Find -v8i. 


Mathematical process standards 
are woven into every chapter, 
including a full page dedicated 


> -V81 represents the negative square root. Because 9? = 81, —V81 = -V9? = -9, 


Find the square root(s). 
4, Vo4 5. -V4 6. -V25 7 +V121 


to practicing Mathematical 
Thinking. 


Write an equation for the nth term of the arithmetic sequence 5, 15, 25, 35, .... 


| The first term is 5, and the common difference is 10. 


Mathematical 


| Mathematically proficient students use a problem-solving model that 


. . incorporates analyzing given information, formulating a plan or strategy, A, Sey ie ie Equation for an arithmetic sequence 
j Thinking ' determining a solution, justifying the solution, and evaluating the 4 } : 
1 problem-solving process and the reasonableness of the solution. (A.1.B) a, = 5+ (1 — 1)(10) Substitute 5 for a, and 10 for d. 
Problem-Solving Strategies 4, = 10n ~ 5 Simplify 


G) Core Concept 


Finding a Pattern 


When solving a real-life problem, look for a pattern in the data. The pattern could 
include repeating items, numbers, or events. After you find the pattern, describe it 
and use it to solve the problem. 


equation for the nth term of the arithmetic sequence. 


Ge ks 5 Eh. Gath; Shere Ws Bee TS hth y ao 


RACT REASONING Recall that a perfect square is a number with integers as its square 
Is the product of two perfect squares always a perfect square? Is the quotient of two 
ht squares always a perfect square? Explain your reasoning. 


I>eNN esas Using a Problem-Solving Strategy 


The volumes of seven chambers 
of a chambered nautilus 

are given. Find the volume 
of Chamber 10. 


Chamber 7: 1.207 cm? 


SOLUTION 


To find a pattern, try 
dividing each volume Chamber 5: 1.068 cm? 
by the volume of the 
previous chamber. 


Chamber 6: 1.135 cm3 


Chamber 4: 1.005 cm? 
Chamber 3: 0.945 cm? 
Chamber 2: 0.889 cm3 
Chamber 1: 0.836 cm? 


0.889 _. 1 963 0.945 _ 1 963 1.005 _ 1.063 


0.836 0.889 0.945 


1.068 _ LS A 
nae ee uae Oe Toe 


From this, you can see that the volume of each chamber is about 6.3% greater than the 
volume of the previous chamber. To find the volume of Chamber 10, multiply the volume 
of Chamber 7 by 1.063 three times. 


1,207(1.063) = 1.283 1,283(1.063) = 1.364 1.364(1,063) = 1.450 
A 


volume of Chamber 8 | volume of Chamber 9 | volume of Chamber 10) 


P The volume of Chamber 10 is about 1.450 cubic centimeters. 


Monitoring Progress problems 
allow students to practice and 
sharpen their skills as they 
work toward mathematical 
understanding. 


Monitoring Progress 


1. A rabbit population over 8 consecutive years is given by 50, 80, 128, 205, 328, 524, 
839, 1342. Find the population in the tenth year. 


2. The sums of the numbers in the first eight rows of Pascal's Triangle are 1, 2, 4, 8, 16, 
32, 64, 128. Find the sum of the numbers in the tenth row. 


Personalized 
Learning 


The Big Ideas Math program offers teachers and students many ways to personalize and enrich 
the learning experience of all levels of learners. 


caiiiensitieeans inet memee <a =a ee 


This unique tool, available online or as an eBook App, provides students 
with embedded 21st century learning resources. Students have the 
opportunity to interact with the underlying mathematics in a number of 
ways, including engaging tutorials, interactive manipulatives, flashcards, 
vocabulary support, and games that enhance the learning experience 


‘. 7. and promote mathematical understanding. 
Se aa 


Add Tile Remove Tila Hetp 


: ; Dynamic Assessment & Progress Monitoring 7 Tool 


—_ 


peogyseq 


This tool provides personalized links to remediation at point-of-use 
on student and teacher reports. Teachers can also create customized 
practice sets for students struggling with a particular concept. 
Students will receive immediate feedback on their short-answer 
and multiple-choice responses. 


Describe the slope of each line, Then find the slope. 


Te. Vice. erses. Seon elt te erg. 
Seo Wa skge Ss poste: 


Fe (4,9N2 62,3) % SS. & 
Ge = O3) (Nene eo = 


_ Online Lesson Tutorials 


= —— : . 1 PIE ESA ar ~ 


Two- to three-minute lesson tutorial videos provide video 
and audio support for every example in the textbook. These 
are valuable for students who miss a class, need a second 
explanation, or need extra assistance with a homework 
assignment. Parents can also utilize the tutorials to stay 
connected or to provide additional help at home. 


The tere. Salls Gem let fo aight 
Se He skpe | 1s rage, 


Through print and digital resources, the 

Big Ideas Math program completely 
supports the 3-Tier Response to 

Intervention model. Using research-based 
strategies, teachers can reach, challenge, 
and motivate each student with high-quality 
instruction targeted to individual needs. 


Customized 
Learning ———__ 

Intervention 
¢ Big Ideas Math 3 

Middle School program E 

at BigldeasMath.com Tier 

CT 
_ Strategic 


P Interv 


a = - . = 
Daily Intervention 
Student Journal ° Maintaining Mathematical 


Vocabulary Support Proficiency 
Lesson Tutorials ¢ Dynamic Assessment and 


a 
TM 


Progress Monitoring Tool 


Communicate Your Answer 
Monitoring Progress 
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Big Ideas Math 


Dynamic Technology 


The Dynamic Assessment and Progress Monitoring Tool 


The Dynamic Assessment and Progress Monitoring Tool allows teachers to know where 

their students are and monitor their progress as they guide them to where they need to be. 
This tool was developed exclusively for Big Ideas Math by Pacific Metrics, an educational 
technology powerhouse with extensive experience in providing innovative and research-based 


solutions for large-scale assessment needs. 


M& AddTile Remove Tile Help 


@ Assessment Creation and Scheduling 
Assessments can be created by 
TEKS Standard or Big Ideas Math content. 


Features adaptive testing capabilities. 


© Direct Ties to Remediation 


Includes direct links to Lesson Tutorial 
Videos and Skills Review Handbook 
resources. 


Appears at point-of-use for students and 
teachers. 


© Customizable Reporting 
Facilitates progress monitoring by student 
or by class. 


Reports can be generated by assessment or 
by TEKS Standard. 


Assessment Delivery with 
Embedded Tools 


Students have access to scientific 
calculators, protractors, and other tools 
when enabled. 


Short-answer and multiple-choice questions 
are automatically graded. 


Online System with Secure 
Message Center 
Accounts can be accessed from any location. 


Communicate with one student or an entire 
class. 


Easy-to-Use Drag-and-Drop Interface 
Includes a customizable dashboard and 
scheduling module. it 


_ Dynamic st Student Edition © 


THreTen the Dynamic Student Edition eBook App, students not only 
have access to the complete textbook, but they can also explore robust 
interactive digital resources embedded within each lesson. There is 
audio support for the text and Lesson Tutorial Videos in both English 
and Spanish. Interactive investigations, direct links to remediation, 

and additional resources are linked right to the lesson. 


ee es 


Dynamic Investigations 


Dynamic Investigations in the Big Ideas Math program 
are powered by Desmos® and GeoGebra®. Teachers and 
students can integrate these investigations into their 
discovery learning to interact with the explorations in 
the Student Edition. 


eens be 5 oa ns aot 
robes ol x Expiam bee 
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Real-Life STEM Videos | 


SOP ESET OL ———s oe 


Science - Technology - Engineering - Mathematics 
pone 


Every chapter in the Big Ideas Math program contains Jd re es 
a Real-Life STEM Video allowing students to further 
engage with mathematical concepts. Students learn 
about the speed of light, natural disasters, solar power, 
and more! 


aed = Fe 


Lesson Planning Support 


Online Lesson Plans 


Complete, editable lesson plans are 
included for every lesson in the program. 


Algebra 1 Lesson 3.5 - Day 1: Graphing Linear Equations In Slope-intercept Form 
Essentlal Question: How can you describe the graph of the equation y = mx + b? 


Mathematicat Process 


[Lasson Objective(s): Students will find the slope of a line. TEKS 
| Stendards 


Students will use the slape-intercept form of a linear equation. Standards 
Students will use slopes and y-intercepts to solve real-life problems. 
Previous Learning: Students were previously Introduced to Ihe slope-intercept form of a linear 
‘equation. They interpreted the equation y = mx + bas defining a linear 
function whose graph Is a stralght line. They solved systams of equallans, 
i! some of which were In slope-intercept form. 
New Vocabulary: slope, nse, run, slope-intercapt form, constant function 
| Prevlous Vocabulary: dependent vanable. independen| variable 
Materials for Teach lemonsiration cards 
Materlats for Students: graph paper 
Pacing: 45 minules 


INTROQUCTION (5 minutes: —— Other Resources 


» Dynemic Classroom 
Warm Up » Stert Thinking and Werm Up. 


AAC, A1.D, AF 


Homework Check 
Answer Presenietion Too! 


Have students answer Stet Thinking questions Review the answers as a class 
Reviow previously assigned homework, If necessary. 


Motivete 


Make throe demonstration cards on 8 5 Inch by 11 Inch paper On each card, draw a line in Quadrant! Make one line siart 
Irom the origin Make Ihe other two lines start from the y-axis and have different siopes Label Ihe x-ax's “me” and the 
axs ‘distance from home.” Ask three sludenis to hold the cards for the class to see Ask siudents lo consider how Ihe 
axes are labeled and whal the slope of the line represents. Than ask what story each card lells, and how Ihe stories ere 
similer and different. For more advanced studenis, make a card with a nagetive slope. end ask them Io Inlerpret the card. 


EXPLORATION 7 (5 minutes) Other Rasources: 


» Dynamic Classroom 
» Studenl Journal 


Finding Stopes end y-inercopts 


Jn Ihis explorabon, students find the slope and y-Inlercep! of each line 
Have students work in pairs [lo complele parts (a) and (b). 
Ask studenis how [he two slopes are dllferenl. 
Ifstudenis do nol remember haw to catculele slope, allow for mora lime for the exploration. Otherwise, [his should 
ol take long 


Dynamic Classroom 


This online tool contains a collection 
of interactive resources for presenting 
lessons. 


Graphing Linear Equations 


Mun > Algelia 1> CAualer > Section § in Slope-Intercept Form 
We Punil Edition POF 
We Answer Presentation Toot 

equations = nx 4 >? 


Ioleractive Exploration 
* nz ‘lope isthe rar af clang hetween iny ewe pots fu 


iw on a lise 1 iy the mccswre ol Ibe Weegee of Ife Hin 
~ Tu tnd the slope of u Dine, And the relio of the 
ehongs In v [verfica) change) Yo Phe chasiye 1 


Ahudivonral cbse) 


Essential Question thuw can you geswcobe the graph of the 


“> Opening the Lesson 
Trinkeng 
ng 122 (welll asses) 
WON) Mond 
wall genes 2 
mero Wp, Lind 
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ope 


GT EG  inaing Stopes ond y-imerceprs 


Work with » partner, Fie the dope and -intercepl of each 


dome 
Sudgat Jownal POE 


, Teaching Example 4 ANALYZING 
MATHEMATICAL 
RELATIONSHIPS 
Balin Exarnpie 4 wydh syne To be proliclent in math, 
pls 1 Tule al you dlrs need to collect 
‘end organize data Thon 
jomma. Progress 13, { make conjeclures about 


Writing # Conjecture 
omer, | the patterns you observa: 


In theldeta Sock mith» partner, Graph eich egusiion. Then copy an complete Inerable. Lise 
& Mowlocus Pisum 1:3 Tateeaba i= —-} >the completed rable wo wate a oniqlesi re about the relallonstilp tet w2ee Ihe gruph ol 
} — es + bund the valyes of m and 2 


Laurie’s Notes 


Online teaching support for every chapter 
is available from master educator 
Laurie Boswell. 


Laurie's Notes 


Exploration 


Motivate 

* Preparation: Make three demonstration cards on 8.5 inch by 11 inch paper. The x-axis is 
labeled “time” and the y-axis is labeled “distance from home.” 

» Sample cards A, 8, and C are shown. 


Distance 
from home 
Distance 
from home 
Distance 
from home 


Time Time Time 


* Ask three students to hald the cards for the class to see. 

2 “Consider how the axes are labeled. What does the slope of the line represent?” 
distance _ 

ne 

?P “What story does each card tell? How are the stories similar and different?" A. you beain at 
home; B’ you travel at the same rate, but you start away trom home; C: you start away from 
home, but you travel at a slower rate 

« Management Tip: /f you plan to use the demonstration cards again next year, laminate 
them, 


Exploration 1 
* The Motivate should act as a warm-up and reminder of slope. It also draws attention to the 
y-intercept of the graph. 
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Interactive Whiteboard 
Lesson Library 


Standard or customizable lessons are provided 
for SMART®, Promethean®, and Mimio® 
interactive whiteboards. 


Slope 
The dupe ni of o nonvestival tite pussiiy though 
two points (4). 95) ond (1p, ¥yb18 Me ati a 


Ihe Fhe (bangs ina }tethe run ishange ro a1, 2% 


When the tine nace froin kell tony, the Shope 1s passultse When the lag falls 
fooin teft to sight. the slope iy negative 
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Student Edition 
Teaching Edition 


Student Journal 
Available in English and Spanish 


Resources by Chapter 
Start Thinking 

Warm Up 

Cumulative Review Warm Up 
Practice A and B 

Enrichment and Extension 
Puzzle Time 
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Family Communication Letters 
Available in English and Spanish 


Assessment Book 


Performance Tasks 

Prerequisite Skills Test with Item Analysis 
Quarterly Standards Based Tests 

Quizzes 

Chapter Tests 


Alternative Assessments with 
Scoring Rubrics 
Pre-Course Test with Item Analysis 


©@ ©@@820O00 0 


Post Course Test with Item Analysis 


Program Resources 


Technology _ 


Student Edition 

With complete English and Spanish audio 
@ Dynamic eBook App 
@ Online Home Edition 
Q eReader Format 


Dynamic Classroom 


Interactive Manipulatives 
Multi-Language Glossary 
Vocabulary Flash Cards 
Worked-Out Solutions 
Lesson Tutorial Videos 


QO 
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Dynamic Teaching Tools 


Interactive Whiteboard Lesson Library 


¢ Includes standard and customizable lessons 
¢ Compatible with SMART®, Promethean®, and 
Mimio® technology 


Real-Life STEM Videos 
Editable Online Resources 


®= ©0® 


© © 


e Lesson Plans 
e Assessment Book 
e Resources by Chapter 


Q@ Answer Presentation Tool 


Dynamic Assessment and 
Progress Monitoring Tool 


Teacher Support for TEKS 


© Differentiating the Lesson 
© Laurie’s Notes 
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Teaching English 
Language Learners 


English language learners (ELLs) and their teachers face significant challenges in the 
mainstream high school mathematics classroom. In addition to linguistic challenges, ELLs are 

adjusting to a new culture and may have psychosocial issues that affect their ability to 

acclimate. Teachers may not be aware of all the linguistic and cultural confusion these 

students encounter. Teaching and learning across the gap of cultural and linguistic differences 

can be a challenge. The principles for teaching ELLs presented in the following pages are 

intended to bridge the gap and help ELLs pursue academic achievement. 


High school mathematics teachers in Texas must address forty-three English Language 
Proficiency Standards (ELPS). One such standard is ELPS 4.F.1. 


ELPS 4.F.1 Use visual and contextual support to read 
grade-appropriate content area text. 


The Big Ideas Math program provides tools to meet each of the forty-three ELPS required for 
Algebra 1. 


Language Proficiency i 


English language learners do not always become proficient in a linear fashion. Great gains 
one week may be offset by significant challenges later. Many ELLs develop passive language 
skills (listening, reading) more quickly than active language skills (Speaking, writing), and 
understand more than they can express. Some are adept at speaking and listening, but weak 
in literacy skills. Still others are comfortable reading and writing but are hesitant to speak, or 
have difficulty understanding spoken English. A student may be an advanced listener, 
intermediate speaker, and beginning reader all at the same time. 


The Texas English Language Proficiency Assessment System (TELPAS) rates ELLs according to 
four levels of language proficiency under each of the four language domains of listening, 
speaking, reading, and writing. 

e Beginning 

e Intermediate 

e Advanced 

e Advanced High 


See pages xxx-xxxi for an abbreviated summary of the ELPS-TELPAS Proficiency Level 
Descriptors used to rate the proficiency levels of ELLs for the language domains of listening, 
speaking, and reading. (Note: High school mathematics programs are not required to cover 
ELPS for the domain of writing.) 


XXVi 
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The key ELPS support in the Big Ideas Math program takes the form of reactant notes 

entitled SUPPORTING English Language Learners. One such note appears in each section of the 
book, at the bottom of the appropriate page in the Teaching Edition, to support ELLs while 
meeting an ELPS. 


SUPPORTING English Language Learners 


Have students use the following Core Vocabulary as they read the topic Solving Linear Equations 
by Adding or Subtracting: equation, linear equation in one variable, solution, inverse operations, 
equivalent operations. 


Student 
expectations 


Beginning Repeat the Core Vocabulary to improve pronunciation. 
Intermediate Read aloud one sentence with Core Vocabulary. 

Advanced Read aloud a paragraph. 

Advanced High Explain a sentence with Core Vocabulary using their own words. 


Teaching 
instructions 


ELPS 
addressed 


ELPS 3.D.1 Speak using grade-level content area vocabulary in context to internalize new 


English words. 


Notice that student expectations are differentiated according to the language proficiency levels 
for the language domain of the ELPS addressed. 


For example, ELPS 3.D.1 is a speaking proficiency. To meet this standard, a Beginning English 
speaker is expected to simply repeat the core vocabulary terms, while an Advanced English 
speaker is expected to read aloud the description of a line. 


Three General Principles for Teaching ELLs | 
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The Center for Applied Linguistics outlines three basic principles for improving the 
achievement of ELLs in a content area classroom. The three principles are to increase the 
following as you teach. 


1. Comprehension 
2. Interaction 
3. Thinking and study skills 


Practicing methods that promote these principles should result in success not only for your ELLs, 
but for all students in your classroom. 
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Teaching English 
Language Learnefrs (continue 


1. Comprehension 
Providing information that ELLs understand is crucial for their access to both language and 
content. Both verbal and nonverbal support must be considered to make mathematics more 
accessible to the student. Visual and experiential clues are especially important to Beginning 
and Intermediate ELLs. Here are some examples. 


e illustrations that relate mathematics to everyday life 
e charts and graphs that organize information visually 
e experiential activities in which students construct models 


im EXPLORATION 2 Solving by Completing the Square 


Work with a partner. 


a. Write the equation modeled 
by the algebra tiles. 


b. Use algebra tiles to “complete 
the square.” 


Student Edition 


Exploration 


| c. Write the solutions of the equation. 


| d. Check each solution in the 
| original equation. 


¢ graphics that illustrate processes visually 
e providing both verbal and written summaries of processes 
e native language reference materials 


Having students read information as an introduction to a topic is not very helpful for students with 
limited language. It is more helpful to immerse them in an experience to help them gain familiarity 
with the topic and its vocabulary before expecting them to understand the details of the process. 
For example, students can use visuals or manipulatives as concepts are being introduced. 


2. Interaction 
Language is learned through communication with others. One negotiates meaning to 
accomplish real purposes. Students in a discussion will restate, question, explain, and clarify 
in order to reach a common understanding. This process helps them learn both language and 
mathematics content. Opportunities for interaction are provided ieee) nsw the program 

in the following ways. 


| SUPPORTING ‘English | Language Learners 


Supporting English 
Language Learners 
note from the 

Teaching Edition 


e pair work 

* group work 

¢ classroom discussion 
e hands on activities 


Read aloud the Essential Question. Have students work in pairs of mixed language abilities to 
complete the explorations. 


Beginning/Advanced Advanced students read aloud the instructions and help Beginning 

} students by providing alternate language when necessary. Then they work together to complete 
the explorations. Beginning students read aloud the red side comments, If needed, Advanced 
students mode! the pronunciations by reading the side comments aloud. 
Intermediate/Advanced High Advanced High students read aloud the instructions and guide 
the explorations. Intermediate students read aloud and paraphrase the red side comments. 


| ELPS 3.B.3 Expand and internalize initial English vocabulary by learning and using routine 
language needed for classroom communication. 


These interactions also allow your students to build relationships that help you to provide a 
supportive, encouraging environment. This reduces the stress of learning a new language for 
your ELLs, and promotes real learning. 


3. Thinking and Study Skills . 

Teaching academic skills explicitly helps develop language for ELLs and thinking skills for all 
students. Students should be given opportunities to perform higher order thinking skills, answer 
critical-thinking questions, and reinforce study skills. Below are several tools used to support 
these goals in this program. 


¢ graphic organizers such as charts and tables that help order information 
e text features that highlight key terms and concepts 
¢ opportunities for note-taking 


Notetaking with Vocabulary 


For use after Lesson 1.3 


Student 
Journal 


In your own words, write the meaning of each vocabulary term. 


identity 


Core Concepts 


Solving Equations with Variables on Both Sides 


To solve an equation with variables on both sides, simplify one or both sides of the 
equation, if necessary. Then use inverse operations to collect the variable terms on one 
side, collect the constant terms on the other side, and isolate the variable. 


Notes: 


¢ questions that monitor progress 
* opportunities to summarize and report information 
e test taking practice 


The Big Ideas Math program provides comprehensive support for teaching ELLs and all students. 
By promoting increased comprehension, interaction, and thinking and study skills as outlined 
above, you can help your ELLs improve their English language skills, and guide all of your 
students toward academic success. 


Reference 

Jameson, J. (1998) “Three Principles for Success: English Language Learners in Mainstream 
Content Classes,” From Theory to Practice 6, Center for Applied Linguistics: Region XIV 
Comprehensive Center. 
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ELPS-TELPAS 
Proficiency Levels 


The Texas English Language Proficiency Assessment System (TELPAS) measures the progress 
of English language learners (ELLs) working toward English Language Proficiency Standards 
(ELPS). ELPS-TELPAS Proficiency Level Descriptors are used to classify and monitor the 
language proficiency levels of ELLs as Beginning, Intermediate, Advanced, or Advanced High 
for the language domains of listening, speaking, reading, and writing. (Note: High school 
mathematics programs are not required to cover ELPS for the domain of writing.) 

A summary of the descriptors used in the Big Ideas Math program follows. 


Summary of ELPS-TELPAS Proficiency Level Descriptors 
ME Beginning ___ Intermediate _ 


Listening | Have little ability to understand spoken English | Understand simple, high-frequency spoken 
¢ struggle to understand simple English 
conversations even with familiar topics ¢ understand simple conversations and short 
¢ struggle to distinguish words and phrases discussions on familiar topics 
¢ may not seek clarification; frequently remain | ¢ often distinguish key phrases necessary for 
silent general meaning in basic interaction 
e able to seek clarification by requesting to 
repeat, slow down, or rephrase 


Speaking | Have little ability to speak English Speak in a simple, routine manner 
e hesitate to speak and use only single words or | * use simple sentences and participate in short 
short, memorized phrases to meet immediate conversations; hesitate frequently 
needs ¢ speak using basic vocabulary for everyday 
¢ use a limited bank of concrete vocabulary interactions; rarely use detail 
e lack the grammar to speak in sentences ¢ emerging awareness of grammar, speak in 


unless dealing with highly rehearsed or highly | simple sentences, mostly present tense 

familiar material ¢ errors inhibit communication when using 
e exhibit errors that hinder overall complex or less familiar English 

communication * pronunciation usually understandable by people 
* pronunciation inhibits communication accustomed to ELLs 


Reading Have little ability to read English Understand simple, high-frequency English 
e read and understand very limited, familiar e read and understand vocabulary on a wider 
English; vocabulary is mostly environmental range of topics, including everyday language, 
print, some very high-frequency words, and literal meanings, routine academic terms, and 
concrete, visually supported words very commonly used abstract language 
e read slowly, one word at a time e read slowly in short phrases; may re-read 
e slight sense of English language structures e have a growing understanding of basic, routine 


¢ comprehend isolated familiar words and English language structures 
phrases, very familiar sentences e understand simple sentences in short texts, 

¢ depend on visuals and prior knowledge to but need visuals, prior knowledge, pretaught 
derive meaning from English text vocabulary, and human support 


¢ can apply reading comprehension skills only e struggle to read independently 
with English text written for this level e can apply basic comprehension skills when 
reading linguistically accommodated texts 


Complete ELPS-TELPAS Proficiency Level Descriptors are at www.tea.state.tx.us/student.assessment/ell/telpas. 
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Listening 


Speaking 


Reading 


Advanced 


Understand grade-appropriate spoken English 

with support 

* usually understand longer conversations 
on familiar and some unfamiliar topics, but 
sometimes need support 

* understand most main points, key details, 
and some implicit information of basic oral 
language not modified for ELLs 

e occasionally need the speaker to repeat, 
slow down, or rephrase 


Use grade-appropriate English with support 

¢ comfortable in most conversations on familiar 
topics, with some pauses needed 

* can use content-based terms and common 
abstract vocabulary to discuss familiar topics; 
can speak on familiar topics in some detail 

¢ grasp basic grammar features, including an 
ability to use present, past, and future tenses; 
emerging ability to use complex language 
structures 

* errors hinder communication somewhat when 
using complex grammar, long sentences, and 
less familiar expressions 

* pronunciation is usually understandable by 
people unaccustomed to ELLs 


Read and understand grade-appropriate 

English with support 

¢ read and understand grade-appropriate 
vocabulary, such as concrete and abstract 
terms, phrases beyond literal meaning, and 
multiple meanings of common words 

e read longer phrases and simple sentences in 
familiar material at an appropriate speed 

¢ starting to comprehend grade-appropriate 
text through familiarity with English or by 
applying reading comprehension skills, with 
some support needed, especially when 
material is unfamiliar 


Advanced High 


Understand grade-appropriate spoken English 


with minimal support 

e understand long, elaborate conversations on 
familiar and unfamiliar topics with little 
dependence on support; some exceptions when 
complex language is used 

* understand main points, important details, 
and implicit information at a level nearly 
comparable to native English speakers 

e rarely need the speaker to repeat, slow down, 
or rephrase 

Speak using grade-appropriate English, with 

minimal support 

* participate in extended discussions on a variety 
of topics with only occasional pauses 

e effective using abstract and content-based 
vocabulary when low-frequency vocabulary is 
needed, with some exceptions; comfortable 
with many native idioms and colloquialisms 

* use grammar structures and complex sentences 
to narrate and describe nearly as well as native 
English speakers 

¢ make few errors that hinder communication 

* mispronounce some words, but rarely interferes 
with communication 


Read and understand grade appropriate English 

with minimal support 

e read and understand at a level nearly 
comparable to native speakers, with some 
exceptions for specialized vocabulary 

e read familiar, grade-appropriate text with 
appropriate rate, intonation, and expression 

¢ can comprehend grade-appropriate text by 
applying reading comprehension skills with 
minimal support, or from familiarity with 
English 
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Correlation from 


a —— 


Algebra 1 to TEKS 


Lesson 


ile 
(4 
les 
1.4 


2.1 
Zp 
23 
2.4 
2.5 


3.2 
3.3 
3.4 
3.5 
3.6 
3:7 


4.1 
4.2 
4.3 
4.4 


4.5 
4.6 
4.7 


Si 
5.2 
5.3 
5.4 
She: 
5.6 
3D. 


Chapter 1: Solving Linear Equations 


Chapter 2: Solving Linear Inequalities 


Chapter 4: Writing Linear Functions 


Chapter 5: Solving Systems of Linear Equations 


Solving Simple Equations 

Solving Multi-Step Equations 

Solving Equations with Variables on Both Sides 
Rewriting Equations and Formulas 


Writing and Graphing Inequalities 

Solving Inequalities Using Addition or Subtraction 
Solving Inequalities Using Multiplication or Division 
Solving Multi-Step Inequalities 

Solving Compound Inequalities 


Functions 

Linear Functions 

Function Notation 

Graphing Linear Equations in Standard Form 
Graphing Linear Equations in Slope-Intercept Form 
Modeling Direct Variation 

Transformations of Graphs of Linear Functions 


Writing Equations in Slope-Intercept Form 
Writing Equations in Point-Slope Form 
Writing Equations in Standard Form 
Writing Equations of Parallel and 
Perpendicular Lines 

Scatter Plots and Lines of Fit 

Analyzing Lines of Fit 

Arithmetic Sequences 


Solving Systems of Linear Equations by Graphing 
Solving Systems of Linear Equations by Substitution 
Solving Systems of Linear Equations by Elimination 
Solving Special Systems of Linear Equations 

Solving Equations by Graphing 

Linear Inequalities in Two Variables 

Systems of Linear Inequalities 


TEKS 


A.5.A 
A.5.A, A.10.D 
A.5.A, A.10.D 
A.12.E 


Preparing for A.5.B 
A.5.B 
A.5.B 
A.5.B 
A.5.B 


A.12.A 

A.2.A, A.3.C 

A.3.C, A.12.B 

eee 

A.2.A, A.3.A, A.3.B, A.3.C 
A.2.D 

A.3.E 


A.2.B, A.2.C, A.3.A 
A.2.B, A.2.C, A.3.A 
A.2.B, A.2.C, A.3.A 


A.2.C, A.2.E, A.2.F, A.2.G, A.3.A 
A.4.C 

A.4.A, A.4.B, A.4.C 

A.12.D 


A.2.1, A.3.F, A.3.G, A.5.C 
A.2.1, A.5.C 

A.2.1, A.5.C 

A.2.1, A.3.F, A.5.C 

A.5.A 

A.2.H, A.3.D 

A.3.H 


Lesson 


TEKS 


Chapter 6: Exponential Functions and Sequences 


6.1 
6.2 
6.3 
6.4 
6.5 
6.6 


Properties of Exponents 
Radicals and Rational Exponents 
Exponential Functions 
Exponential Growth and Decay 
Geometric Sequences 
Recursively Defined Sequences 


A.11.B 

A.11.B 

A.9.A, A.9.B, A.9.C, A.9.D, A.9.E 
A.9.B, A.9.C, A.9.D 

A.12.D 

A.12.C 


Chapter 7: Polynomial Equations and Factoring 


Tiel 
ee 
73 
7.4 
25 
7.6 
ey 
7.8 
io 


Adding and Subtracting Polynomials 
Multiplying Polynomials 

Special Products of Polynomials 
Dividing Polynomials 


Solving Polynomial Equations in Factored Form 


Factoring x* + bx +c 

Factoring ax* + bx +c 

Factoring Special Products 
Factoring Polynomials Completely 


A.10.A 

A.10.B, A.10.D 
A.10.B 

A.10.C 

A.8.A 

A.8.A, A.10.E 

A.8.A, A.10.D, A.10.E 
A.8.A, A.10.E, A.10.F 
A.10.D, A.10.E 


Chapter 8: Graphing Quadratic Functions 


8.1 
SZ 
8.3 
8.4 
8.5 
8.6 


Graphing f(x) = ax? 

Graphing f(x) = Bye te 

Graphing f(x) = ax? + bx +c 
Graphing f(x) = a(x — hye +k 
Using Intercept Form 

Comparing Linear, Exponential, and 
Quadratic Functions 


Chapter 9: Solving Quadratic Equations 


Gal 
G2 
9.8 
9.4 


95) 


Properties of Radicals 
Solving Quadratic Equations by Graphing 


Solving Quadratic Equations Using Square Roots 


Solving Quadratic Equations by Completing 
the Square 

Solving Quadratic Equations Using the 
Quadratic Formula 


A.6.A, A.7.A, A.7.C 

A.7.A, A.7.C 

A.6.A, A.7.A 

A.6.B, A.7.A, A.7.C 

A.6.A, A.6.B, A.6.C, A.7.A, A.7.B 


A.2.C, A.6.C, A.9.C 


A.11.A 


A.7.A, A.8.B 
A.8.A 


A.8.A 


A.8.A 
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Correlation from 
TEKS to Algebra 1 
[Knowledge and skis Statement | Student Expectation [Breakout | struction tations [Review Citations | 


A.1 Mathematical process standards. | A.1.A apply mathematics to A.1.A.i apply Appears throughout, Appears throughout, 
1 The student uses mathematical problems arising in everyday life, | mathematics to problems including: including: 

processes to acquire and demonstrate | society, and the workplace arising in everyday life 1.2, p. 14 Example 4 3.1, p. 95 Exercises 22, 33 
} mathematical understanding. The \ 4.7, p. 205 Example 5 4.3, p. 178 Exercises 30, 32 
] student is expected to: : 5.5, p. 250 Exercises 32, 33 


A.1 Mathematical process standards. | A.1.A apply mathematics to A.1.A.ii apply Appears throughout, 
The student uses mathematical problems arising in everyday life, | mathematics to problems including: 

| processes to acquire and demonstrate | society, and the workplace arising in society 4.1, p. 164 Example 5 
§ mathematical understanding. The 5.3, p. 234 Example 3 
student is expected to: 8.6, p. 450 Example 5 


Appears throughout, 
including: 

4.6, pp. 198-200 Exercises 
10, 17, 18, 27, 31 

6.4, pp. 305-307 Exercises 
17, 40, 59 


A.1.A apply mathematics to A.1.A.iii apply Appears throughout, Appears throughout, 
problems arising in everyday life, | mathematics to problems including: including: 

processes to acquire and demonstrate | society, and the workplace arising in the workplace 4.4, p. 182 Example 6 4.4, p. 184 Exercises 29, 30 
mathematical understanding. The 5.1, p. 222 Example 3 5.6, pp. 256, 258 Exercises 
student is expected to: 5.5, p. 247 Example 2 17, 46 


A.1 Mathematical process standards. 
The student uses mathematical 


A.1.B.i use a 
problem-solving model that 
incorporates analyzing 
given information, 
formulating a plan or 
strategy, determining a 
solution, justifying the 
solution, and evaluating the 
problem-solving process 


Appears throughout, 
including: 

2.2, p. 57 Exercises 25, 26 
3.3, p. 112 Exercises 29, 30 


A.1 Mathematical process standards. | A.1.B use a problem-solving 
The student uses mathematical model that incorporates 
processes to acquire and demonstrate } analyzing given information, 
mathematical understanding. The formulating a plan or strategy, 
student is expected to: determining a solution, justifying 
the solution, and evaluating the 
problem-solving process and the 
reasonableness of the solution 


Appears throughout, 
including: 

2.2, p. 56 Example 3 
3.3, p. 110 Example 5 
3.4, p. 119 Example 5 


Appears throughout, 
including: 

1.1, p. 9 Exercises 42—44, 
46, 47 

1.2, p. 17 Exercises 35-37 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.B use a problem-solving A.1.B.ii use a Appears throughout, 
model that incorporates problem-solving model that } including: 
analyzing given information, incorporates analyzing 1.1, pp. 6-7 Examples 
formulating a plan or strategy, given information, 3 and 4 
determining a solution, justifying | formulating a plan or 1.2, pp. 14-15 Examples 
the solution, and evaluating the | strategy, determining a 4and5 
problem-solving process and the | solution, justifying the 2.3, p. 62 Example 3 
reasonableness of the solution _| solution, and evaluating 

the reasonableness of the 

solution 


Appears throughout, 
including: 
4.5, p. 192 Exercise 19 


Appears throughout, 
including: j 
6.5, p. 311 Exploration 2 


A.1.C.i select tools, 
including real objects as 
appropriate, to solve 

problems 


A.1.C select tools, including real 
objects, manipulatives, paper 
and pencil, and technology as 
appropriate, and techniques, 
including mental math, 
estimation, and number sense as 
appropriate, to solve problems 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1 Mathematical process standards. | A.1.C select tools, including real | A.1.C.ii select tools, Appears throughout, Appears throughout, 
The student uses mathematical objects, manipulatives, paper including manipulatives including: including: 
processes to acquire and demonstrate | and pencil, and technology as as appropriate, to solve 7.1, p. 337 Explorations | 7.6, p. 376 Exercise 42 
mathematical understanding. The appropriate, and techniques, problems i and2 7.8, p. 388 Exercise 44 
student is expected to: including mental math, 7.8, p. 383 Explorations 

estimation, and number sense as 1 and 2 

appropriate, to solve problems 9.4, p. 493 Explorations 

1 and 2 
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we 
| Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


A.1 Mathematical process standards. | A.1.C select tools, including real | A.1.C.iii select tools, Appears throughout, Appears throughout, 
The student uses mathematical objects, manipulatives, paper including paper and pencil | including: including: 

processes to acquire and demonstrate | and pencil, and technology as as appropriate, to solve 3.2, p. 102 Example 6 3.2, pp. 105-106 Exercises 
mathematical understanding. The appropriate, and techniques, problems 4.5, p. 187 Explorations | 39-42, 53, 54 

student is expected to: including mental math, 1 and 2 3hs5), | 132 Exercises 47, 
estimation, and number sense as 48, 49(c), 50(a) 
appropriate, to solve problems 4.4, p. 184 Exercise 38 


A.1.C.iv select tools, 
including technology as 
appropriate, to solve 
problems 


A.1 Mathematical process standards. | A.1.C select tools, including real 
The student uses mathematical objects, manipulatives, paper 
processes to acquire and demonstrate | and pencil, and technology as 
mathematical understanding. The appropriate, and techniques, 
student is expected to: including mental math, 
estimation, and number sense as 
appropriate, to solve problems 


Appears throughout, Appears throughout, 
including: including: 

4.6, pp. 196-197 4.6, pp. 198-200 Exercises 
Examples 3 and 4(b) 11-20, 27, 31 

5.5, p. 248 Example 3 5.5, p. 250 Exercises 29, 30 
6.3, p. 295 Example 7 


A.1 Mathematical process standards. | A.1.C select tools, including real | A.1.C.v select techniques, | Appears throughout, Appears throughout, 
The student uses mathematical objects, manipulatives, paper including mental math including: including: 
processes to acquire and demonstrate | and pencil, and technology as as appropriate, to solve 1.2, p. 15 Example 5 1.1, p. 9 Exercise 48 
mathematical understanding. The appropriate, and techniques, problems 

student is expected to: including mental math, 
estimation, and number sense as 
appropriate, to solve problems 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.C select tools, including real | A.1.C.vi select techniques | Appears throughout, Appears throughout, 
objects, manipulatives, paper including estimation as including: including: 

and pencil, and technology as appropriate, to solve 4.1,p.161 Exploration | 3.1, p. 96 Exercise 34(b), 
appropriate, and techniques, problems 2(b) 34(0) 

including mental math, 4.6, p. 197 Example 4(b) | 4.1, p. 166 Exercise 36(a) 
estimation, and number sense as 5.3, p. 236 Exercise 28(a) 
appropriate, to solve problems 


Appears throughout, Appears throughout, 
including: including: 

1.2, p. 14 Example 4 1.3, p. 26 Exercise 37 
3.4, p. 119 Example 5 3.4, p. 122 Exercise 59 
(Step 4) 4.5, p. 191 Exercises 3-6 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1,.C select tools, including real 
objects, manipulatives, paper 
and pencil, and technology as 
appropriate, and techniques, 
including mental math, 
estimation, and number sense as 
appropriate, to solve problems 


A.1.C.vii select techniques, 
including number sense 
as appropriate, to solve 
problems 


A.1 Mathematical process standards. | A.1.D communicate A.1.D.i communicate Appears throughout, Appears throughout, 


The student uses mathematical mathematical ideas, reasoning, | mathematical ideas using including: including: 
processes to acquire and demonstrate | and their implications using multiple representations, 2.1, p. 46 Teaching text, | 2.1, pp.50—-51 Exercises 
mathematical understanding. The multiple representations, including symbols as Example 1 5-14, 37-40 


student is expected to: including symbols, diagrams, appropriate 2.5, p. 74 Teaching text, | 2.5, p. 77 Exercises 7-12 
graphs, and language as Example 1 
appropriate 3.2, p. 99 Concept 


Summary 


A.1.D.ii communicate 
mathematical ideas using 
multiple representations, 
including diagrams as 

appropriate 


Appears throughout, Appears throughout, 
including: including: 

2.4, p. 70 Example 4 1.3, p. 26 Exercise 38 
3.1, p. 89 Exploration 2 
3.2, p. 99 Concept 
Summary 

5.6, p. 254 Core Concept 
and Table 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 
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| Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 
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i A.1 Mathematical process standards. 

j The student uses mathematical 

] processes to acquire and demonstrate 
mathematical understanding. The 

| student is expected to: 


A.1 Mathematical process standards. 
j The student uses mathematical 
processes to acquire and demonstrate 
| mathematical understanding. The 
j student is expected to: 


j A.1 Mathematical process standards. 

j The student uses mathematical 

/ processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


1 A.1 Mathematical process standards. 

| The student uses mathematical 

] processes to acquire and demonstrate 
mathematical understanding. The 

j student is expected to: 


7 A.1 Mathematical process standards. 
1 The student uses mathematical 

j processes to acquire and demonstrate 
4 mathematical understanding. The 

| student is expected to: 


A.1 Mathematical process standards. 
i) The student uses mathematical 
processes to acquire and demonstrate 
7 mathematical understanding. The 
j student is expected to: 


) A.1 Mathematical process standards. 
| The student uses mathematical 

| processes to acquire and demonstrate 
| mathematical understanding. The 

] student is expected to: 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1.D.iti_ communicate 
mathematical ideas using 
multiple representations, 
including graphs as 
appropriate 


A.1.D.iv_ communicate 
mathematical ideas using 
multiple representations, 
including language as 
appropriate 


A.1.D.v communicate 
mathematical reasoning 
using multiple 
representations, including 
symbols as appropriate 


A.1.D.vi_ communicate 
mathematical reasoning 
using multiple 
representations, including 
diagrams as appropriate 


A.1.D.vit_ communicate 
mathematical reasoning 
using multiple 
representations, including 
graphs as appropriate 


A.1.D.viii_ communicate 
mathematical reasoning 
using multiple 
representations, including 
language as appropriate 


A.1.D.ix communicate 
[mathematical ideas’) 
implications using multiple 
representations, including 
symbols as appropriate 


Appears throughout, 
including: 

2.1, p. 49 Concept 
Summary 

2.5, p. 74 Teaching text, 
Example 1 

5.4, p. 238 Core Concept 


Appears throughout, 
including: 

2.1, p. 45 Explorations 

1 and2 

2.5, p. 74 Teaching text, 
Example 1 

5.6, p. 254 Core Concept 
and Table 


Appears throughout, 
including: 

1.1, p. 7 Example 4 

3.7, pp. 140-141 Core 
Concept, Example 1, 
Core Concept, Example 2 


Appears throughout, 
including: 

2.2, pp. 54-55 Teaching 
text before Example 1, 
Teaching text before 
Example 2 

3.2, p. 100 Example 4(b) 


Appears throughout, 
including: 

3.5, p. 125 Concept 
Summary 

3.7, pp. 141-142 Core 
Concept, Example 2, 
Core Concept, Example 3 


Appears throughout, 
including: 

1.3, p. 24 Example 4 
2.2, p. 56 Example 3 
3.5, p. 125 Concept 
Summary 


Appears throughout, 
including: 

3.5, p. 123 Exploration 2 
6.6, p. 319 Exploration 1 
7.1, p. 337 Explorations 
| and2 


Appears throughout, 
including: 

1.3, p. 26 Exercise 38 
2.5, p. 77 Exercises 7-11, 
13-20 


Appears throughout, 
including: 

2.1, pp. 50-51 Exercises 
5-14 

2.5, p. 77 Exercises 7-12 


Appears throughout, 
including: 

3.1, p. 95 Exercise 29 
7.8, p. 388 Exercise 46 


Appears throughout, 
including: 

3.1, p. 95 Exercise 30 
7.8, p. 388 Exercise 46 


Appears throughout, 
including: 

3.1, p. 95 Exercises 29, 30 
3.7, pp. 145-146 Exercises 
JNO, 15, 1G, ISa2, 
25-34, 41-46 


Appears throughout, 
including: 

3.1, p. 95 Exercise 29 
3.5, p. 132 Exercise 47 


Appears throughout, 
including: 

7.6, p. 376 Exercise 42 
7.7, p. 382 Exercise 42 


| Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.D communicate 
mathematical ideas, reasoning, 
and their implications using 
multiple representations, 
including symbols, diagrams, 
graphs, and language as 
appropriate 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.E create and use 
representations to organize, 
record, and communicate 
mathematical ideas 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1.D.x communicate 
{mathematical ideas’] 
implications using multiple 
representations, including 
diagrams as appropriate 


A.1.D.xi_ communicate 
[mathematical ideas’] 
implications using multiple 
representations, including 
graphs as appropriate 


A.1.D.xii_ communicate 
[mathematical ideas’] 
implications using multiple 
representations, including 
language as appropriate 


A.1.D.xiii_ communicate 
[mathematical reasoning’s] 
implications using multiple 
representations, including 
symbols as appropriate 


A.1.D.xiv communicate 
[mathematical reasoning’s] 
implications using multiple 
representations, including 
diagrams as appropriate 


A.1.D.xv communicate 
[mathematical reasoning’s] 
implications using multiple 
representations, including 
graphs as appropriate 


A.1.D.xvi_ communicate 
[mathematical reasoning’s] 
implications using multiple 
representations, including 
language as appropriate 


A.1.E.i create 
representations to organize 
mathematical ideas 


Appears throughout, 
including: 

4.6, pp. 194-195 
Examples 1 and 2 

7.3, p. 351 Explorations 
1 and 2 

7.4, p. 357 Explorations 
1 and 2 


Appears throughout, 
including: 

3.2, p. 97 Exploration 1 
3.5, p. 123 Explorations 
1 and 2 

4.6, pp. 194-195 
Examples 1 and 2 


Appears throughout, 
including: 

3.5, p. 123 Exploration 2 
6.6, p. 319 Exploration 1 


Appears throughout, 
including: 

1.4, p. 27 Explorations 

1 and 2 

4.7, p. 201 Exploration 1 
7.1, p. 338 Teaching text 


Appears throughout, 
including: 

2.3, p. 59 Explorations 

1 and 2 

4.7, p. 203 Example 2 
7.3, p. 352 Teaching text 


Appears throughout, 
including: 

3.4, p. 119 Example 5 
4.7, p. 203 Example 2 
6.4, p. 303 Example 6 


Appears throughout, 
including: 

2.3, p. 59 Explorations 

1 and 2 

7.1, p. 338 Teaching text 
7.3, p. 352 Teaching text 


Appears throughout, 
including: 

2.5, p. 74 Example 1 
5.5, pp. 247-248 
Examples 2 and 3 


Appears throughout, 
including: 

7.1, p. 343 Exercises 51-53 
7.6, p. 376 Exercise 42 


Appears throughout, 
including: 
8.6, p. 453 Exercise 33 


Appears throughout, 
including: 
7.1, p. 343 Exercises 51-53 


Appears throughout, 
including: 

7,7, p. 382 Exercise 42 
7.8, p. 388 Exercise 44 


Appears throughout, 
including: 

8.3, p. 423 Exercise 37 
9.1, p.474 Exercises 99, 
100 


Appears throughout, 
including: 

3.4, p. 121 Exercises 49, 50 
8.3, p. 423 Exercise 37 


Appears throughout, 
including: 

3.4, p. 121 Exercises 49, 50 
7.1, p. 343 Exercises 51-53 


Appears throughout, 
including: 

4.5, p. 192 Exercises 13, 
14,24 

4.6, pp. 198, 200 Exercises 
5-8, 31(¢) 
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Correlation from 
TEKS to o Algebra 1 (continued) 
[Knowledge and Skis Statement | Student Expectation [Breakout | struction citation | 


| A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 


; mathematical understanding. The 
j student is expected to: 


1 A.1 Mathematical process standards. 
] The student uses mathematical 


processes to acquire and demonstrate 


7 mathematical understanding. The 
student is expected to: 


| A.1 Mathematical process standards. 
| The student uses mathematical 

} processes to acquire and demonstrate 
mathematical understanding. The 

] student is expected to: 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1 Mathematical process standards. 
The student uses mathematical 
processes to acquire and demonstrate 
mathematical understanding. The 
student is expected to: 


A.1 Mathematical process standards. 
The student uses mathematical 


i processes to acquire and demonstrate 


mathematical understanding. The 
student is expected to: 


A.1.£ create and use 
representations to organize, 
record, and communicate 
mathematical. ideas 


A.1.£ create and use 
representations to organize, 
record, and communicate 
mathematical ideas 


A.1.£ create and use 
representations to organize, 
record, and communicate 
mathematical ideas 


A.1.£ create and use 
representations to organize, 
record, and communicate 
mathematical ideas 


A.1.— create and use 
representations to organize, 
record, and communicate 
mathematical ideas 


A.1.F analyze mathematical 
relationships to connect and 
communicate mathematical 

ideas 


A.1.F analyze mathematical 
relationships to connect and 
communicate mathematical 

ideas 


A.1.G display, explain, and 
justify mathematical ideas and 
arguments using precise 
mathematical language in 
written or oral communication 


A.1.E.ii create 
representations to record 
mathematical ideas 


A.1.£.iii create 
representations to 
communicate 
mathematical ideas 


A.1.E.iv_ use 
representations to organize 
mathematical ideas 


A.1.E.v use 
representations to record 
mathematical ideas 


A.1.E.vi use 
representations to 
communicate 
mathematical ideas 


A.1.F.i analyze 
mathematical relationships 
to connect mathematical 
ideas 


A.1.F.it analyze 
mathematical relationships 
to communicate 
mathematical ideas 


A.1.G.i display 
mathematical ideas using 
precise mathematical 
language in written or oral 
communication 


Appears throughout, 
including: 

2.3, p. 59 Explorations 
1 and 2 

3.2, pp. 100-101 
Examples 4(b) and 5(c) 
4.6, pp. 194-195 
Examples 1 and 2 


Appears throughout, 
including: 

3.2, p. 97 Exploration 1 
4.5, p. 187 Explorations 
1 and 2 

46, pp. 194-195 
Examples 1 and 2 


Appears throughout, 
including: 

2.1, pp. 46-47 Tables 
before Examples 1 and 2 
3.7, p. 144 Examples 5 
and 6 

6.6, p. 319 Exploration 1 
7.3, p. 352 Teaching 
text, figure 


Appears throughout, 
including: 

3.5, p. 123 Exploration 2 
3.7,p. 144 Examples 5 
and 6 

7.3, p. 354 Example 4 


Appears throughout, 
including: 

2.2, pp. 54-55 Diagrams 
before Examples 1 and 2 
3.1, p. 92 Core Concept 
3.2, p. 99 Concept 
Summary 


Appears throughout, 
including: 

3.1, p. 89 Exploration 2 
3.5, p. 123 Exploration 2 
5.5, p. 245 Explorations 
1 and2 


Appears throughout, 
including: 

1.1, p. 3 Explorations 
1-3 

3.2, p. 102 Example 6 
6.5, p. 311 Exploration 2 


Appears throughout, 
including: 

2.5, p. 74 Teaching text, 
Example 1 

3.7, p. 144 Example 6 
4.6, p. 194 Core Concept 


9.1, p. 474 Exercises 99, 


Review Citations 


Appears throughout, 
including: 

3.1, p. 95 Exercise 30(b) 
4.5, p. 192 Exercises 13, 
14, 19(a), 24 


Appears throughout, 
including: 

4.4, p. 184 Exercise 38 
4.5,p. 192 Exercises 13, 
14, 19(a), 24 


Appears throughout, 
including: 
2.5, p. 78 Exercise 33 


Appears throughout, 
including: 

6.3, p. 297 Exercises 37-40 
7.3, pp. 355-356 Exercises 
WiW4y 333, 5, he 


Appears throughout, 
including: 

3.1, p. 94 Exercises 5-8, 
13-16 

7.1, p. 344 Exercises 60, 61 


Appears throughout, 
including: 
3.4, p. 122 Exercise 52 


100 


Appears throughout, 
including: 

3.1, p. 96 Exercise 34 

3.2, pp. 105-106 Exercises 
39-42, 53,54 


Appears throughout, 
including: 

2.5, pp. 77-78 Exercises 
(AZ, Be 

4.4, p. 184 Exercise 38 


we 
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A.1 Mathematical process standards. } A.1.G display, explain, and A.1.Gii display Appears throughout, Appears throughout, 
The student uses mathematical justify mathematical ideas and mathematical arguments including: including: 

processes to acquire and demonstrate } arguments using precise using precise mathematical | 3.4, p. 119 Example 5 1.3, p. 26 Exercise 40 
mathematical understanding. The mathematical language in language in written or oral | 6.6, p. 319 Exploration 1 | 2.5, p. 78 Exercise 33 
student is expected to: written or oral communication communication 6.6, p. 326 Exercise 54 


A.1 Mathematical process standards. | A.1.G display, explain, and 
The student uses mathematical justify mathematical ideas and 
processes to acquire and demonstrate | arguments using precise 
mathematical understanding. The mathematical language in 
student is expected to: written or oral communication 


A.1.G.tii explain Appears throughout, Appears throughout, 
mathematical ideas using including: including: 

precise mathematical 3.2, p. 102 Example 6 3.2, pp. 105~106 Exercises 
language in written or oral | 5.3, p. 232 Teaching text } 39-42, 53,54 
communication 6.4, p. 302 Example 3 7.4, p. 362 Exercise 39 


A.1 Mathematical process standards. | A.1.G display, explain, and A.1.G.iv_ explain Appears throughout, Appears throughout, 
The student uses mathematical justify mathematical ideas and mathematical arguments including: including: 

processes to acquire and demonstrate | arguments using precise using precise mathematical | 2.3, p. 59 Explorations 3.1, p. 96 Exercise 34 
mathematical understanding. The mathematical language in language in written or oral | 1 and 2 3.5, p. 132 Exercise 48 
student is expected to: written or oral communication communication 4.3, p. 178 Exercise 31 
7.4, p. 362 Exercise 45 


A.1 Mathematical process standards. | A.1.G display, explain, and A.1.G.v justify Appears throughout, Appears throughout, 

The student uses mathematical justify mathematical ideas and mathematical ideas using including: including: 

processes to acquire and demonstrate | arguments using precise precise mathematical 1.2,p.11 Exploration] 1.2, p. 17 Exercises 38, 39 
mathematical understanding. The mathematical language in language in written or oral | 4.2, p.167 Exploration 2 | 6.4, p. 308 Exercise 64 
student is expected to: written or oral communication communication 7.1, p. 337 Explorations 
1 and 2 


A.1 Mathematical process standards. | A.1.G display, explain, and AA.G.vi justify Appears throughout, Appears throughout, 
The student uses mathematical justify mathematical ideas and mathematical arguments including: including: 

processes to acquire and demonstrate | arguments using precise using precise mathematical | 3.2, p.97 Exploration 1 | 4.5, p. 192 Exercise 21 
mathematical understanding. The mathematical language in language in written or oral | 7.3, p. 354 Example 4(b) | 7.8, p. 388 Exercise 45 
student is expected to: written or oral communication communication 9.1, p. 474 Exercises 99, 
100 


A.2.A.i determine the 
domain of a linear function 
in mathematical problems 


A.2.A determine the domain 
and range of a linear function 
in mathematical problems; 
determine reasonable domain 
and range values for real-world 
situations, both continuous and 
discrete; and represent domain 
and range using inequalities 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


3.2, pp. 100-101 
Examples 4(a) and 5(b) 
3.5, p. 128 Example 6(a) 


3.1, pp. 95-96 Exercises 
22(b), 45(¢) 

3.2, pp. 104-105 Exercises 
27-34, 35(a), 36(a), 37(b), 
38(b) 

3.5, p. 130 Exercises 37(a), 
38(a) 


A.2.A.ii determine the 
range of a linear function in 
mathematical problems 


3.1, p. 93 Example 5(b) 
3.5, p. 128 Example 6(a) 


3.1, pp. 95-96 Exercises 
21(b}, 22(b), 45(c) 

3.5, p. 130 Exercises 37(a), 
38(a} 


A.2 Linear functions, equations, and | A.2.A determine the domain 
inequalities. The student applies the and range of a linear function 
mathematical process standards when | in mathematical problems; 
using properties of linear functions to | determine reasonable domain 
write and represent in multiple ways, | and range values for real-world 
with and without technology, linear situations, both continuous and 
equations, inequalities, and systems of { discrete; and represent domain 
equations. The student is expected to: | and range using inequalities 


A.2.A determine the domain 
and range of a linear function 
in mathematical problems; 
determine reasonable domain 
and range values for real-world 
situations, both continuous and 
discrete; and represent domain 
and range using inequalities 


A.2.A.iii determine 3.2, p. 102 Example 6 3.2, pp. 105-106 Exercises 
reasonable domain values 39-42, 53,54 
for real-world situations, 
both continuous and 

discrete 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


XXXIX 


Correlation from 
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A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 

7 equations, inequalities, and systems of 
equations. The student is expected to: 


j A.2 Linear functions, equations, and 

j inequalities. The student applies the 

| mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 

} equations, inequalities, and systems of 

1 equations. The student is expected to: 


A.2 Linear functions, equations, and 
| inequalities. The student applies the 
| mathematical process standards when 
| using properties of linear functions to 
} write and represent in multiple ways, 
{ with and without technology, linear 
j equations, inequalities, and systems of 
| equations. The student is expected to: 


| A.2 Linear functions, equations, and 

1 inequalities. The student applies the 

| mathematical process standards when 

| using properties of linear functions to 

{ write and represent in multiple ways, 

} with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
j write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
4 with and without technology, linear 

equations, inequalities, and systems of 
equations. The student is expected to: 


A.2.A determine the domain 
and range of a linear function 
in mathematical problems; 
determine reasonable domain 
and range values for real-world 
situations, both continuous and 
discrete; and represent domain 
and range using inequalities 


A.2.A determine the domain 
and range of a linear function 
in mathematical problems; 
determine reasonable domain 
and range values for real-world 
situations, both continuous and 
discrete; and represent domain 
and range using inequalities 


A.2.A determine the domain 
and range of a linear function 
in mathematical problems; 
determine reasonable domain 
and range values for real-world 
situations, both continuous and 
discrete; and represent domain 
and range using inequalities 


A.2.B write linear equations in 
two variables in various forms, 
including y = mx + b, 

Ax + By = C, and 

y — y, = m(x — x,), given one 
point and the slope and given 
two points 


A.2.B write linear equations in 
two variables in various forms, 
including y = mx + b, 

Ax + By = C,and 

y—y, = m(x — x,), given one 
point and the slope and given 
two points 


A.2.B write linear equations in 
two variables in various forms, 
including y = mx + b, 

Ax + By = Cand 

y — y, = m(x — x,), given one 
point and the slope and given 
two points 


A.2.C write linear equations 
in two variables given a table 
of values, a graph, and a verbal 
description 


A.2.A.iv determine 


reasonable range values for 


real-world situations, both 
continuous and discrete 


A.2.A.v represent domain 
using inequalities 


A.2.A.vi_ represent range 
using inequalities 


A.2.B.i write linear 
equations in two variables 
in various forms, including 
y = mx + bgiven one 
point and the slope 


A.2.B.ii write linear 
equations in two variables 
in various forms, including 
Ax + By = C, given two 
points 


A.2.B.iit write linear 
equations in two variables 
in various forms, including 
yh = mix -— X,), given 
one point and the slope 


A.2.C.i write linear 
equations in two variables 
given a table of values 


3.2, p. 102 Example 6 3.2, pp. 105-106 Exercises 


39-42, 53, 54 


3.1, p. 92 Example 4(b) 
3.5, p. 128 Example 6(a) 


3.1, p. 94 Exercises 19, 20, 
22(b) 
3.5, p. 130 Exercises 37(a), 
38(a) 


3.1, p. 92 Example 4(b) 
3.5, p. 128 Example 6(a) 


3.1, p. 94 Exercises 19, 20, 
22(b) 
3.5, p. 130 Exercises 37(a), 
38(a) 


33.5), [0 126 Core Concept 
4.1, p. 161 Exploration 2 
4.1, p. 162 Example 1 


4.1, p. 165 Exercises 2-8 


4.3, pp. 177-178 
Exercises 1, 15-18 


4.3, p. 174 Example 2 


4.2, p. 167 Explorations 
2 and 3 

4.2, pp. 168-170 
Teaching text, Core 
Concept, Example 2, 
Teaching text, Examples 
a3 


4.2, p.171 Exercises 7-38 


4.2, p. 170 Example 5 4.1, p. 165 Exercise 26 
4.2, pp. 171-172 Exercises 


31-34, 38, 44 
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A.2 Linear functions, equations, and | A.2.C write linear equations A.2.C.1i write linear 4.1, p. 162 Example 2 4.1, pp. 165-166 Exercises 
inequalities. The student applies the in two variables given a table equations in two variables | 4.2, p. 169 Example 3 G2, J, 35) 
mathematical process standards when | of values, a graph, and a verbal | given a graph 4.2, pp. 171-172 Exercises 
using properties of linear functions to | description 15-18, 44 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2 Linear functions, equations, and | A.2.C write linear equations 
inequalities. The student applies the in two variables given a table 


A.2.C.iii_ write linear 4.1, pp. 162-164 4.1, pp. 165-166 Exercises 
equations in two variables | Examples 1, 3,4,and5 | 3-8, 13-24, 27, 29(a), 
mathematical process standards when | of values, a graph, and a verbal | given a verbal description | 4.2, p. 167 Exploration 3 | 30(a), 31, 34, 37 

using properties of linear functions to | description 4.2, pp. 168-169 4.2, pp. 171-172 Exercises 
write and represent in multiple ways, Examples 2 and 4 7-14, 19-30, 37(a) 

with and without technology, linear 

equations, inequalities, and systems of 

equations. The student is expected to: 


A.2.D.i write equations 
involving direct variation 


3.6, pp. 135-136 3.6, pp. 137-138 Exercises 
Teaching text, Examples | 17-22, 25(b), 26(b), 27, 28 
3 and 4 


A.2 Linear functions, equations, and | A.2.D write and solve equations 
inequalities. The student applies the involving direct variation 
mathematical process standards when 

using properties of linear functions to 

write and represent in multiple ways, 

with and without technology, linear 

equations, inequalities, and systems of 

equations. The student is expected to: 


A.2 Linear functions, equations, and | A.2.D write and solve equations | A.2.D.ii solve equations 3.6, pp. 134, 136 3.6, pp. 137-138 Exercises 
inequalities. The student applies the involving direct variation involving direct variation Examples 1 and 4 3-10, 25(c), 26(c), 27, 28 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


4.4, p. 180 Example 2 4.4, pp. 183-184 Exercises 


Ca, ati, hl 


A.2.E.i write the equation 
of a line that contains a 
given point and is parallel 
to a given line 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2.E write the equation of a 
line that contains a given point 
and is parallel to a given line 


4.4, pp. 183-184 Exercises 
19-22, 28, 29, 33 


A.2.F.i write the equation 
of a line that contains a 
given point and is 
perpendicular to a given 
line 


4.4, pp. 181-182 
Examples 4 and 6 


A.2.F write the equation of a 
line that contains a given point 
and is perpendicular to a given 
line 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2.G.i write an equation | 4.4, p. 182 Example 5 4.4, p. 183 Exercises 23-26 
of a line that is parallel or 
perpendicular to the X or 
Y axis 


A.2.G write an equation of a 
line that is parallel or 
perpendicular to the X or Y 
axis and determine whether 
the slope of the line is zero or 
undefined 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


| A.2 Linear functions, equations, and 
| inequalities. The student applies the 
4 mathematical process standards when 
i using properties of linear functions to 
write and represent in multiple ways, 
} with and without technology, linear 
4 equations, inequalities, and systems of 
7 equations. The student is expected to: 


A.2 Linear functions, equations, and 
inequalities. The student applies the 

| mathematical process standards when 

| using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 

1 equations, inequalities, and systems of 
equations. The student is expected to: 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
/ using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. the student is expected to: 


A.2 Linear functions, equations, and 
inequalities. The student applies the 

] mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using properties of linear functions to 
write and represent in multiple ways, 
with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.2 Linear functions, equations, and 
inequalities, The student applies the 
mathematical process standards when 
using properties of linear functions to 

] write and represent in multiple ways, 

J with and without technology, linear 
equations, inequalities, and systems of 
equations. The student is expected to: 


Correlation from 
TEKS to o Aigenre 1 (continued) 
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A.2.G write an equation of 
a line that is parallel or 
perpendicular to the X or Y 
axis and determine whether 
the slope of the line is zero or 
undefined 


A.2.H write linear inequalities 
in two variables given a table 
of values, a graph, and a verbal 
description 


A.2.H write linear inequalities 
in two variables given a table 
of values, a graph, and a verbal 
description 


A.2.H_ write linear inequalities 
in two variables given a table 
of values, a graph, and a verbal 
description 


A.2.1 write systems of two 
linear equations given a table 
of values, a graph, and a verbal 
description 


A.2.1 write systems of two 
linear equations given a table 

of values, a graph, and a verbal 
description 


A.2.G.ti determine 
whether the slope of the 
line is zero or undefined 


4.4, p. 182 Example 5 


A.2.H.i write linear 5.6, p. 254 Example 5 
inequalities in two variables 


given a table of values 


A.2.H.ii write linear 5.6, p. 251 Exploration 

inequalities in two variables | 1(c) 

given a graph 5.6, p. 254 Core 
Concept, Example 4 
5.7, p. 262 Examples 4 
and 5 


A.2.H.iii write linear 
inequalities in two variables 
given a verbal description 


5.6, p. 255 Example 6 


5.4, p. 239 Example 3 
5.5, p. 247 Example 2 


A.2.1.i write systems of 
two linear equations given 
a table of values 


A.2.1.ii- write systems Clie 


5.3, p. 234 Example 3 
two linear equations given — ' 


a graph 


A.2.1 write systems of two 
linear equations given a table 
of values, a graph, and a verbal 
description 


5.1, p. 222 Example 7 
5.2, p. 228 Example 3 


A.2.1.ili write systems of 
two linear equations given 
a verbal description 


4.4, p. 182 Monitoring 
Progress Question 5 


5.6, p. 257 Exercises 
39-41, 43 


5.6, pp. 257-258 Exercises 
33-38, 42,50 
5.7, p. 264 Exercises 21-26 


5.6, pp. 257-258 Exercises 
44-47, 48(a), 52-54 


5.4, p. 242 Exercises 25, 
27, 32 


Bis) Pp) 235m2 30 Exercises _ 
22, 28(b) 


5.1, p. 224 Exercises 
27-29, 33 

5.2, pp. 229-230 Exercises 
19, 20, 21-24, 25, 30, 31, 
33, 34, 35 


ee 
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A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3.A determine the slope of 
a line given a table of values, a 
graph, two points on the line, 
and an equation written in 
various forms, including 

y= mx + b,Ax + By=C, 
andy — y, = m(x — x,) 


A.3.A determine the slope of 
a line given a table of values, a 
graph, two points on the line, 
and an equation written in 
various forms, including 
y=mx + b, Ax + By=C, 
and y — y, = fall = ie) 


A.3.A determine the slope of 
a line given a table of values, a 
graph, two points on the line, 
and an equation written in 
various forms, including 
y=mx+ b,Ax+ By=C 
andy — y, = m(x — X,) 


A.3.A determine the slope of 
a line given a table of values, a 
graph, two points on the line, 
and an equation written in 
various forms, including 
y=mx+b,Ax+ By=C, 
and y — y, = m(x — x,) 


A.3.A determine the slope of 
a line given a table of values, a 
graph, two points on the line, 
and an equation written in 
various forms, including 
y=mx + b, Ax + By=G, 
and y — y, = m(x — x,) 


A.3.A determine the slope of 
a line given a table of values, a 
graph, two points on the line, 
and an equation written in 
various forms, including 
y=mx+ b, Ax + By=(, 
and y — y, = m(x — x,) 


A.3.A.i determine the 
slope of a line given a table 
of values 


A.3.A.ti determine the 
slope of a line given a 
graph 


A.3.A.tii determine the 
slope of a line given two 
points on the line 


A.3.A.iv determine the 
slope of a line given an 
equation written in various 
forms, including 
y=mx+b 


A.3.A.v determine the 
slope of a line given an 
equation written in various 
forms, including 

Ax + By=C 


A.3.A.vi determine the 
slope of a line given an 
equation written in various 
forms, including 

YA = lille = 52) 


3.5, p. 125 Example 2 
4.2, p.170 Example 5 


3.5, p. 124 Core 
Concept, Example 1 
4.1, p.162 Example 2 


4.1, p, 163 Example 3 
4.2, p. 169 Example 3 


3.5, pp. 126-127 Core 
Concept, Examples 3 
and 4 

4.4, pp. 180-181 
Examples 2, 3, and 4 


3.5, pp. 126-127 
Examples 3(c) and 4 
4.3, p. 173 Exploration 2 


4.2, p. 168 Example 1 


3.5, pp. 129-130 Exercises 
9-12, 14, 39 

4.2, pp. 171-172 Exercises 
31-34, 38(a), 44 


3.5, p. 129 Exercises 5-8, 
is 

4.1, pp. 165-166 Exercises 
9-12, 28, 36(a) 


4.1, p. 165 Exercises 
13-18, 28 
4.2, p.171 Exercises 15-24 


3.5, p. 130 Exercises 
15-18, 23-32 

4,4, p. 183 Exercises 7-12, 
17, 18, 19-22 


3.5, pp. 130-131 Exercises 
19-22, 29-32, 41 
4.1, p. 166 Exercise 33 


4.2, p.171 Exercises 3-6 


xliv 


Correlation from 
TEKS to o Algebra 1 (continued) 


| A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 


} features, and related transformations 


to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 


| equations. The student is expected to: 


1 A.3 Linear functions, equations, and 


inequalities. The student applies the 
mathematical process standards when 


1 using graphs of linear functions, key 


features, and related transformations 


| to represent in multiple ways and 

1 solve, with and without technology, 

] equations, inequalities, and systems of 
j equations. The student is expected to: 


A.3.B calculate the rate of 
change of a linear function 
represented tabularly, 


graphically, or algebraically in 


context of mathematical and 
real-world problems 


A.3.B calculate the rate of 
change of a linear function 
represented tabularly, 


graphically, or algebraically in 


context of mathematical and 
real-world problems 


A.3.C graph linear functions 
on the coordinate plane and 


identify key features, including 
x-intercept, y-intercept, Zeros, 
and slope, in mathematical and 


real-world problems 


A.3.C graph linear functions 
on the coordinate plane and 


identify key features, including 
x-intercept, y-intercept, Zeros, 
and slope, in mathematical and 


real-world problems 


A.3.C graph linear functions 
on the coordinate plane and 


identify key features, including 
x-intercept, y-intercept, zeros, 
and slope, in mathematical and 


real-world problems 


A.3.C graph linear functions 
on the coordinate plane and 


identify key features, including 
x-intercept, y-intercept, zeros, 
and slope, in mathematical and 


real-world problems 


A.3.B.i calculate the rate 
of change of a linear 
function represented 
tabularly, graphically, or 
algebraically in context of — 
mathematical problems 


A.3.B.ii calculate the rate 
of change of a linear 
function represented 
tabularly, graphically, or 
algebraically in context of 
real-world problems 


A.3.C.i graph linear 
functions on the coordinate 
plane in mathematical 
problems 


A.3.C.ii graph linear 
functions on the 
coordinate plane in 
real-world problems 


A.3.C.iii identify key 
features, including 
x-intercept in mathematical 
problems 


A.3.C.iv identify key 
features, including 
x-intercept in real-world 
problems 


35) pp. 124-126 Core 
Concept, Examples 1-3 
4.1, p. 163 Example 4 


3.5, p. 128 Example 6 
4.1, p. 164 Example 5 


3.3, p. 109 Example 4 
3.4, p. 117 Core 
Concept, Example 2 


3.3, p. 110 Example 5 
3.4, p. 119 Example 5 


3.4, p. 117 Core 
Concept, Example2 
3.5, p. 127 mel 4 
and 5_ 


3.4, p. 119 Example 5(a) 
3.5, p. 128 Example 6 


3.5, pp. 129-130 Exercises 
=) 2, SR 
4.1, p. 165 Exercises 19-24 


3.5, pp. 129-130 Exercises 
13, 14, 35-39 
4.1, p. 166 Exercises 29, 30 


3.3, p. 111 Exercises 23-28 
3.4, p. 120 Exercises 19-28 


3.3, p. 112 Exercise 29 
3.4, p. 121 Exercises 49(a), 
50(a) 


3.4, p. 120 Exercises 9-28 
3.5, p. 130 Exercises 25-34 


3.4, pp. 121-122 Exercises 
49(a), 50(a), 52, 58(a) 
3.5, p. 130 Exercise 36 


ez 
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A.3 Linear functions, equations, and | A.3.C graph linear functions A.3.C.v identify key 3.4, p. 117 Core 3.4, p. 120 Exercises 9-28 
inequalities. The student applies the 
} mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


on the coordinate plane and 
identify key features, including 
x-intercept, y-intercept, zeros, 
and slope, in mathematical and 
real-world problems 


features, including Concept, Example 2 3.5, p. 130 Exercises 
y-intercept in mathematical | 3.5, pp. 126-127 Core 15-22, 33, 34 
problems Concept, Examples 4 

and 5 


A.3 Linear functions, equations, and | A.3.C graph linear functions A.3.C.vi identify key 3.4, p. 119 Example 5(a) | 3.4, pp. 121-122 Exercises 
inequalities. The student applies the on the coordinate plane and features, including 3.5, p. 128 Example 6 49(a), 50{a), 52, 58(a) 
mathematical process standards when | identify key features, including y-intercept in real-world 35) Pa lsClExercisesa5—39 
using graphs of linear functions, key x-intercept, y-intercept, zeros, problems 
features, and related transformations | and slope, in mathematical and 

to represent in multiple ways and real-world problems 

solve, with and without technology, 
equations, inequalities, and systems of 
| equations. The student is expected to: 


A.3 Linear functions, equations, and | A.3.C graph linear functions 
inequalities. The student applies the on the coordinate plane and 
mathematical process standards when | identify key features, including 
using graphs of linear functions, key x-intercept, y-intercept, zeros, 
features, and related transformations | and slope, in mathematical and 
to represent in multiple ways and real-world problems 
solve, with and without technology, 

equations, inequalities, and systems of 

equations. The student is expected to: 


A.3.C.vii identify key 
features, including zeros in 
mathematical problems 


3.4, p.118 Example 3 3.4, p. 121 Exercises 


31-44, 48 


A.3 Linear functions, equations, and | A.3.C graph linear functions 
] inequalities. The student applies the on the coordinate plane and 

mathematical process standards when | identify key features, including 

using graphs of linear functions, key x-intercept, y-intercept, zeros, 

features, and related transformations | and slope, in mathematical and 

to represent in multiple ways and real-world problems 

solve, with and without technology, 

equations, inequalities, and systems of 

equations. The student is expected to: 


A.3.C.viii_ identify key 3.4, p. 118 Example 4 3.4, p. 121 Exercises 45, 
features, including zeros in 46, 47 
real-world problems 


A.3.C.ix identify key 
features, including slope in 
mathematical problems 


3.5, p. 123 Teaching text, 
Explorations 1 and 2 
3.5, p. 127 Example 4 


A.3.C graph linear functions 3.5, p. 130 Exercises 25-34 
on the coordinate plane and 
identify key features, including 
x-intercept, y-intercept, zeros, 

and slope, in mathematical and 
real-world problems 


A.3 Linear functions, equations, and 
inequalities, The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3.C.x identify key 
features, including slope in 
real-world problems 


3.5, p. 128 Example 6(b) | 3.5, pp. 129-130 Exercises 


13, 35, 36, 37(b), 38(b), 39 


A.3.C graph linear functions 
on the coordinate plane and 
identify key features, including 
x-intercept, y-intercept, zeros, 

and slope, in mathematical and 
real-world problems 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


xlv 


xlvi 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 

| mathematical process standards when 

7 using graphs of linear functions, key 
features, and related transformations 

1 to represent in multiple ways and 

1 solve, with and without technology, 

1 equations, inequalities, and systems of 

7 equations. The student is expected to: 


A.3 Linear functions, equations, and 

] inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 

| to represent in multiple ways and 

1 solve, with and without technology, 

/ equations, inequalities, and systems of 
equations. The student is expected to: 


] A.3 Linear functions, equations, and 

1 inequalities. The student applies the 

j mathematical process standards when 
| using graphs of linear functions, key 

] features, and related transformations 

| to represent in multiple ways and 

1 solve, with and without technology, 

] equations, inequalities, and systems of 
I equations. The student is expected to: 


9 A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 

1 mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


Correlation from 
TEKS to Algebra ‘{ (continued) 
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A.3.D graph the solution set of 
linear inequalities in two 
variables on the coordinate 
plane 


A.3.E determine the effects on 
the graph of the parent function 
f(x) = x when f(x) is replaced by 
af(x), f(x) + d, f(x — ©), 

f(bx) for specific values of a, b, 
c, and d 


A.3.E determine the effects on 
the graph of the parent function 
f(x) = x when f(x) is replaced by 
af(x), f(x) + d, fx — O, 

f(bx) for specific values of a, b, 
c, and d 


A,.3.E determine the effects on 
the graph of the parent function 
f(x) = x when f(x) is replaced by 
af(x), f(x) + d, fx — od, 

f(bx) for specific values of a, b, 
cand d 


A.3.E determine the effects on 
the graph of the parent function 
f(x) = x when f(x) is replaced by 
af(x), f(x) + d, f(x — oO, 

f(bx) for specific values of a, , 
c, and d 


A.3.F graph systems of two 
linear equations in two variables 
on the coordinate plane and 
determine the solutions if they 
exist 


A.3.D.i graph the solution 
set of linear inequalities 

in two variables on the 
coordinate plane 


A.3.E.i determine the 
effects on the graph of the 
parent function f(x) = x 
when f(x) is replaced by 
af(x) for specific values of a 


A.3.E.ii determine the 
effects on the graph of the 
parent function f(x) = x 
when f(x) is replaced by 
f(x) + d for specific values 
of d 


A.3.E.iii determine the 
effects on the graph of the 
parent function f(x) = x 
when f(x) is replaced by 
f(x — ) for specific values 
of c 


A.3.E.iv determine the 
effects on the graph of the 
parent function f(x) = x 
when f(x) is replaced by 
f(bx) for specific values of b 


A.3.F.i graph systems of 
two linear equations in two 
variables on the coordinate 
plane 


5.6, pp. 253, 255 Core 
Concept, Examples 3 
and 6 

5.7, p. 261 Examples 2 
and 3 


3.7, pp. 142-143 Core 
Concept, Examples 3(b) 
and 4(b) 


3.7, p. 139 Explorations 
1,3 

3.7, p. 140 Core 
Concept, Example 1(a) 


3.7, p. 140 Core 
Concept, Example 1 (b) 


3.7, pp. 142, 143 Core 
Concept, Examples 3(a) 
and 4(a) 


5.1, pp. 221-222 Core 
Concept, Examples 2 
and 3 

5.4, p. 238 Core 
Concept, Example 1 
5.5, pp. 246-248 
Examples 1, 2, and 3 


5.6, pp. 256-258 Exercises 
25-32, 44-47, 48(a), 50, 
53, 54 

5.7, p. 264 Exercises 11-20 


3.7, pp. 145-146 Exercises 
2; Ay 22, 2, BS), BS, 29, 
30, 33, 37 


3.7, pp. 145-146 Exercises 
213) Ua 'sh, (2k, 3! 


3.7, pp. 145-146 Exercises 
25,8) WO Nil, Si, 35, SS) 


3.7, pp. 145-146 Exercises 
7, \itsh WS), AO), 23), 20), 271, 
32, 36, 38, 40 


5.1, pp. 223-224 Exercises 
13-20, 23-29, 31, 33(a) 
5.4, p. 241 Exercises 3-16, 
23 


A.3 Linear functions, equations, and 
inequalities, The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 
using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.3 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards when 


using graphs of linear functions, key 
features, and related transformations 
to represent in multiple ways and 
solve, with and without technology, 
equations, inequalities, and systems of 
equations. The student is expected to: 


A.4 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards to 
formulate statistical relationships and 
evaluate their reasonableness based 
on real-world data. The student is 
expected to: 


A.4 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards to 
formulate statistical relationships and 
evaluate their reasonableness based 
on real-world data. The student is 
expected to: 


A.4 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards to 
formulate statistical relationships and 
evaluate their reasonableness based 
on real-world data. The student is 
expected to: 


A.4 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards to 
formulate statistical relationships and 
evaluate their reasonableness based 
on real-world data. The student is 
expected to: 


A.3.F graph systems of two 
linear equations in two variables 
on the coordinate plane and 
determine the solutions if they 
exist 


A.3.G estimate graphically 

the solutions to systems of 

two linear equations with two 
variables in real-world problems 


A.3.H graph the solution set 
of systems of two linear 
inequalities in two variables 
on the coordinate plane 


A.4.A calculate, using 
technology, the correlation 
coefficient between two 
quantitative variables and 
interpret this quantity as a 
measure of the strength of the 
linear association 


| A.4.A calculate, using 


technology, the correlation 
coefficient between two 
quantitative variables and 
interpret this quantity as a 
measure of the strength of the 
linear association 


A.4.B compare and contrast 
association and causation in 
real-world problems 


A.4.C write, with and without 
technology, linear functions 
that provide a reasonable fit to 
data to estimate solutions and 
make predictions for real-world 
problems 


A.3.F.ii determine the 
solutions if they exist 


A.3.G.i estimate 
graphically the solutions 
ta systems of two 

linear equations with two 
variables in real-world 
problems 


A.3.H.i graph the solution 

set of systems of two linear 
inequalities in two variables 
on the coordinate plane 


A.4.A.i calculate, using 
technology, the correlation 
coefficient between two 
quantitative variables 


A.4.A.it interpret this 
quantity as a measure of 
the strength of the linear 
association 


A.4.B.i. compare and 
contrast association and 
causation in real-world 
problems 


A.4.C.i write, with 
technology, linear functions 
that provide a reasonable 
fit to data to estimate 
solutions 


5.4, pp. 238, 240 Core 
Concept, Examples 1 
and 4 


5.1, p. 222 Example 3 
5.5, p. 247 Example 2 


5.7, pp. 261, 263 Core 
Concept, Examples 2, 
3 and6 


4.6, p. 196 Example 3 


4.6, p. 196 Example 3(b) 


4.6, p. 197 Teaching text, 


Example 5 


4.6, p. 196 Example 3 


5.4, p. 241 Exercises 3-16, 
23 


5.1, p. 224 Exercises 27, 
28, 32(a), 33(b) 

5.4, p. 242 Exercise 30 
5.5, p. 250 Exercises 
31-33, 36 


5.7, pp. 264-265 Exercises 
11-20, 27-31 


4.6, pp. 198-199 Exercises 
11-14, 17(b), 18(b), 19{b), 
20(b) 


4.6, pp. 198-199 Exercises 
11-14, 16, 17(b), 18(b), 
19(b), 20(b) 


4.6, pp. 199-200 Exercises 
21-24, 25, 27(d), 30, 31(b) 


4.6, pp. 198-199 Exercises 
11-14, 17, 18, 19{a), 20(a) 


Correlation from 


TEKS to Algebra ii (continued) 
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A.4 Linear functions, equations, and 
inequalities. The student applies the 
i mathematical process standards to 
formulate statistical relationships and 
1 evaluate their reasonableness based 
1 on real-world data. The student is 
H expected to: 


1 A.4 Linear functions, equations, and 
| inequalities. The student applies the 

1 mathematical process standards to 

j formulate statistical relationships and 
7 evaluate their reasonableness based 

7 On real-world data. The student is 

| expected to: 


1 A.5 Linear functions, equations, and 

4 inequalities. The student applies the 

| mathematical process standards to 
solve, with and without technology, 

i linear equations and evaluate the 

} reasonableness of their solutions. The 

1 student is expected to: 


1 A.5 Linear functions, equations, and 

} inequalities. The student applies the 

# mathematical process standards to 
solve, with and without technology, 

} linear equations and evaluate the 
reasonableness of their solutions. The 
student is expected to: 


A.5 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards to 
solve, with and without technology, 
linear equations and evaluate the 
reasonableness of their solutions. The 
student is expected to: 


A.5 Linear functions, equations, and 
inequalities. The student applies the 
mathematica! process standards to 
solve, with and without technology, 
linear equations and evaluate the 
reasonableness of their solutions. The 
student is expected to: 


A.5 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards to 
solve, with and without technology, 
linear equations and evaluate the 
reasonableness of their solutions. The 
student Is expected to: 


A.5 Linear functions, equations, and 
inequalities. The student applies the 
mathematical process standards to 
solve, with and without technology, 
linear equations and evaluate the 
reasonableness of their solutions. The 
student is expected to: 


included on both sides 


A.4.C write, with and without 
technology, linear functions 
that provide a reasonable fit to 
data to estimate solutions and 
make predictions for real-world 
problems 


A.4.C write, with and without 
technology, linear functions 
that provide a reasonable fit to 
data to estimate solutions and 
make predictions for real-world 
problems 


A.5.A solve linear equations 

in one variable, including those 
for which the application of the 
distributive property is necessary 
and for which variables are 
included on both sides 


A.5.A solve linear equations 

in one variable, including those 
for which the application of the 
distributive property is necessary 
and for which variables are 
included on both sides 


A.5.B solve linear inequalities 
in one variable, including those 
for which the application of the 
distributive property is necessary 
and for which variables are 
included on both sides 


A.5.B solve linear inequalities 
in one variable, including those 
for which the application of the 
distributive property is necessary 
and for which variables are 


A.4.C.ii write, without 
technology, linear functions 
that provide a reasonable 
fit to data to estimate 
solutions 


A.4.C.iii_ make predictions 
for real-world problems 


A.5.A.i solve linear 
equations in one variable, 
including those for which 
the application of the 
distributive property is 
necessary 


A.5.A.ii salve linear 
equations in one variable, 
including those for which 
variables are included on 
both sides 


A.5.B.i solve linear 
inequalities in one 

variable, including those 
for which the application of 
the distributive property is 
necessary 


A.5.B.ii solve linear 
inequalities in one variable, 
including those for which 
variables are included on 
both sides 


4.5, p. 190 Core 
Concept, Example 3 


4.6, p. 197 Teaching text, 
Example 4 


1.2, p. 13 Example 3 


1.3, pp. 22-24 Core 
Concept, Examples 1-4 


2.4, p. 69 Example 3 


2.4, pp. 68-69 cy, 
ee : 


A.5.C solve systems of two 
linear equations with two 
variables for mathematical and 
real-world problems 


A.5.C.i solve systems 
of two linear equations 
with two variables for 
mathematical problems 


A.5.C salve systems of two 
linear equations with two 
variables for mathematical and 
real-world problems 


A. 5. Cli solve systems of 
two linear equations with 


two variables for real-world - 


problems 


4.5, p. 192 Exercises 15, 
16, 24 


4.6, p. 199 Exercises 19(d), 
19(e), 20(d), 20(e) 


1.2, pp. 16-17 Exercises 
17-24, 38, 39 


1.3, pp. 25-26 Exercises 
2-40 


2.4, pp. 71-72 Exercises 
S10, 23233), J—ste 


2.4, pp. 71-72 Exercises 
8-9) /—14) 7-32) 34536, 
38-40 


5.1, p. 221 Core 
Concept, Example 2 


5.1, p. 222 Example 3 


5.1, pp. 223-224 Exercises 
9-26, 29, 31 


5.1, p. 224 Exercises 27, 
28, 32, 33 
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A.6 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using properties of quadratic functions 
to write and represent in multiple 
ways, with and without technology, 
quadratic equations. The student is 
expected to: 


A.6 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using properties of quadratic functions 
to write and represent in multiple 
ways, with and without technology, 
quadratic equations. The student is 
expected to: 


A.6 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using properties of quadratic functions 
to write and represent in multiple 
ways, with and without technology, 
quadratic equations. The student is 
expected to: 


A.6 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using properties of quadratic functions 
to write and represent in multiple 


ways, with and without technology, 
quadratic equations. The student is 
expected to: 


A.6 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using properties of quadratic functions 
to write and represent in multiple 
ways, with and without technology, 
quadratic equations. The student is 
expected to: 


A.6 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using properties of quadratic functions 
to write and represent in multiple 
ways, with and without technology, 
quadratic equations. The student is 
expected to: 


A.6 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using properties of quadratic functions 
to write and represent in multiple 
ways, with and without technology, 
quadratic equations. The student is 
expected to: 


A.6.A determine the domain 
and range of quadratic functions 
and represent the domain and 
range using inequalities 


A.6.A determine the domain 
and range of quadratic functions 
and represent the domain and 
range using inequalities 


A.6.A determine the domain 
and range of quadratic functions 
and represent the domain and 
range using inequalities 


A.6.A determine the domain 
and range of quadratic functions 
and represent the domain and 
range using inequalities 


A.6.B write equations of 
quadratic functions given the 
vertex and another point on the 
graph, write the equation in vertex 
form (f(x) = a(x — h)? + k), 
and rewrite the equation from 
vertex form to standard form 
(f(x) = ax?+ bx+ 0) 


A.6.B write equations of 
quadratic functions given the 
vertex and another point on the 
graph, write the equation in vertex 
form (f(x) = a(x — h)* + k), 
and rewrite the equation from 
vertex form to standard form 
(f(x) = ax? + bx+ 3) 


A.6.B write equations of 
quadratic functions given the 
vertex and another point on the 
graph, write the equation in vertex 
form (f(x) = a(x — h)? + k), 
and rewrite the equation from 
vertex form to standard form 
(f(x) = ax? + bxt+ 0) 


A.6.A.i determine the 
domain of quadratic 
functions 


A.6.A.ii determine the 
range of quadratic 
functions 


A.6.A.iii represent the 
domain using inequalities 


A.6.A.iv represent the 
range using inequalities 


A.6.B.i write equations of 
quadratic functions given 
the vertex and another 
point on the graph 


A.6.B.ii write the equation 
[of quadratic functions] 

in vertex form 

(f(x) = a(x — h)? + k) 


A.6.B.iii rewrite the 

equation [of quadratic 
functions] from vertex 
form to standard form 
(f(x) = ax? + bx+ ©) 


8.1, pp. 406, 408 
Examples 1 and 5 
8.3, p. 419 Example 2 


8.1, pp. 406, 408 
Examples 1 and 5 
8.3, p. 419 Example 2 


8.1, p. 408 Example 5 


8.1, p. 408 Example 5 


8.3, p. 419 Example 2 


8.4, p. 431 Example 5 


8.4, p.431 Example 5 


8.5, p. 439 Example 6(b) 


8.1, p. 409 Exercises 3, 4, 
18, 19(a) 

8.3, pp. 422-423 Exercises 
13-18, 28(c) 


8.1, p. 409 Exercises 3, 4, 
18, 19{a) 

8.3, pp. 422-423 Exercises 
13-18, 28(c) 


8.1, p. 409 Exercise 18, 
19(a) 

8.3, p. 423 Exercise 28(c) 
8.4, p. 433 Exercise 56(ab) 


8.1, p. 409 Exercises 3, 4, 
18, 19(a) 

8.3, pp. 422-423 Exercise 
13-18, 28(0) 


8.4, pp. 433-434 Exercises 
57-64 


8.4, pp. 433-434 Exercises 
D/=68, 71-75 


8.4, p. 434 Exercise 75 
8.5, p. 442 Exercises 45, 46 


Correlation from 


TEKS to Algebra 1 (continued) 


| Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


A.6 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using properties of quadratic functions 
to write and represent in multiple 
ways, with and without technology, 

] quadratic equations. The student is 
expected to: 


A.6 Quadratic functions and 
| equations. The student applies the 
mathematical process standards when 
i using properties of quadratic functions 
to write and represent in multiple 
ways, with and without technology, 
quadratic equations. The student is 
expected to: 


A.7 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 

i using graphs of quadratic functions 
and their related transformations 

i to represent in multiple ways and 

i determine, with and without 
technology, the solutions to equations. 
The student is expected to: 


A.7 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using graphs of quadratic functions 

] and their related transformations 
to represent in multiple ways and 
determine, with and without 
technology, the solutions to equations. 
The student is expected to: 


A.7 Quadratic functions and 

i equations. The student applies the 
mathematical process standards when 
using graphs of quadratic functions 
and their related transformations 
to represent in multiple ways and 
determine, with and without 
technology, the solutions to equations. 
The student is expected to: 


A.7 Quadratic functions and 
equations. The student applies the 
mathematical process standards when 
using graphs of quadratic functions 
and their related transformations 

to represent in multiple ways and 
determine, with and without 
technology, the solutions to equations. 
The student is expected to: 


A.6.C write quadratic functions 
when given real solutions and 
graphs of their related equations 


A.6.C write quadratic functions 
when given real solutions and 
graphs of their related equations 


A.7.A graph quadratic functions 
on the coordinate plane and 

use the graph to identity key 
attributes, if possible, including 
x-intercept, y-intercept, zeros, 
maximum value, minimum 
values, vertex, and the equation 
of the axis of symmetry 


A.7.A graph quadratic functions 
on the coordinate plane and 

use the graph to identify key 
attributes, if possible, including 
x-intercept, y-intercept, zeros, 
maximum value, minimum 
values, vertex, and the equation 
of the axis of symmetry 


A.7.A graph quadratic functions 
on the coordinate plane and 

use the graph to identify key 
attributes, if possible, including 
x-intercept, y-intercept, zeros, 
maximum value, minimum 
values, vertex, and the equation 
of the axis of symmetry 


A.7.A graph quadratic functions 
on the coordinate plane and 

use the graph to identify key 
attributes, if possible, including 
x-intercept, y-intercept, zeros, 
maximum value, minimum 
values, vertex, and the equation 
of the axis of symmetry 


A.6.C.1 write quadratic © 
functions when given real 
solutions 


A.6.C.ii write quadratic 
functions when given 
graphs of their related 
equations 


A.7.A.i graph quadratic 
functions on the coordinate 
plane 


A.7.A.ii use the graph 
to identify key attributes, 
if possible, including 
x-intercept 


A.7.A.iii use the graph 
to identify key attributes, 
if possible, including 
y-intercept 


A.7.A.iv use the graph to 
identify key attributes, if 
possible, including zeros 


8.5, p. 439 Examples 
6(a) and 7 
8.6, p. 448 Example 3 


8.5, p. 439 Example 7 


8.3, p. 419 Example 2 
8.4,p.430 Core 
Concept, Examples 3 
and 4 


8.5, pp. 436-437 Core 
Concept, Examples 1 
and 2 


8.3, p. 420 Example 4 


9.2, pp. 478-479 
Examples 5, 6(c) 


8.5, p. 442 Exercises 47-52 
8.6, p. 452 Exercises 21, 
25, 28 


8.5, p. 442 Exercises 57-60 


8.3, p. 422 Exercises 
13-18, 20 

8.4, pp. 432-433 Exercises 
23-28, 39-44, 49-54, 
55(a), 55(b), 56(a), 56(b) 


j 


8.2, p. 415 Exercise 28 
8.5, p. 441 Exercises 3-20 


8.2,p.415 Exercise 28 
8.3, pp. 422-424 Exercises 
3-6, 20, 31-34, 42(a) 


9.2, pp. 482-483 Exercises 
43-52, 53(c), 54(c) 


Correlation from 


TEKS to Algebra 1 (continued) 
[Knowledge and Skil Statement [student Expectation [Breakout instruction Citations [Review Gtations 


A.7 Quadratic functions and 
equations. The student applies the 

] mathematical process standards when 
# using graphs of quadratic functions 
and their related transformations 

@ to represent in multiple ways and 
determine, with and without 


technology, the solutions to equations. 


The student is expected to: 


3 A.7 Quadratic functions and 
equations. The student applies the 

} mathematical process standards when 
using graphs of quadratic functions 
and their related transformations 

y to represent in multiple ways and 
determine, with and without 


technology, the solutions to equations. 


The student is expected to: 


A.7 Quadratic functions and 
equations. The student applies the 
4 mathematical process standards when 
| using graphs of quadratic functions 
and their related transformations 
to represent in multiple ways and 
determine, with and without 


technology, the solutions to equations. 


The student is expected to: 


] A.8 Quadratic functions and 

j equations. The student applies the 
mathematical process standards to 

| solve, with and without technology, 
quadratic equations and evaluate 
the reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.8& Quadratic functions and 
equations. The student applies the 
mathematical process standards to 
solve, with and without technology, 
quadratic equations and evaluate 
the reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.8 Quadratic functions and 
equations. The student applies the 
mathematical process standards to 
solve, with and without technology, 
quadratic equations and evaluate 
the reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.7.C determine the effects on 
the graph of the parent function 
f(x) = x? when f(x) is replaced 
by af(x), f(x) + d, f(x — d), 
f(bx) for specific values of a, b, 
c, and d 


A.7.C determine the effects on 
the graph of the parent function 
f(x) = x? when f(x) is replaced 
by af(x), f(x) + d, f(x — d, 
f(bx) for specific values of a, b, 
c, and d 


A.7.C determine the effects on 
the graph of the parent function 
f(x) = x? when f(x) is replaced 
by af(x), f(x) + d, f(x — ©), 
f(bx) for specific values of a, b, 
c, and d 


A.8.A solve quadratic 
equations having real solutions 
by factoring, taking square roots, 
completing the square, and 
applying the quadratic formula 


A.8.A solve quadratic 
equations having real solutions 
by factoring, taking square roots, 
completing the square, and 
applying the quadratic formula 


A.8.A solve quadratic 
equations having real solutions 
by factoring, taking square roots, 
completing the square, and 
applying the quadratic formula 


A.7.C.ii determine the 
effects on the graph of the 
parent function f(x) = x7 
when f(x) is replaced by 
f(x) + d for specific values 
ofd 


A.7.C.iii determine the 
effects on the graph of the 
parent function f(x) = x 
when f(x) is replaced by 
f(x — c) for specific values 
ofc 


A.7.C.iv determine the 
effects on the graph of the 
parent function f(x) = ie 
when f(x) is replaced by 


f(bx) for specific values of b 


A.8.A.i solve quadratic 
equations having real 
solutions by factoring 


A.8.A.ii solve quadratic 
equations having real 


solutions by taking square — 


roots | 


A.8.A.iii solve quadratic 
equations having real 
solutions by completing 
the square 


| 8.2, pp. 412-413 Core 


Concept, Examples 1-3 


8.4, pp. 429-430 Core 
Concept, Example 2, 
Core Concept, Examples 
3 and 4 


8.1, p. 408 Core 
Concept, Example 4 


7.7, p. 380 Example 5 


‘| 9.3, pp. 486-487 


Teaching text, Core 
Concept, Examples 1-3 


' 


9.4, p. 495 Examples 2 
and 3 


8.2, p. 415 Exercises 2-18 


i 
i 


8.4, pp. 432-433 Exercises 
23-28, 39-44, 49-54, 
55, 56 


8.1, p. 409 Exercises 13-16 


7.7, pp. 381-382 Exercises 
25-28, 35, 36, 40, 43, 44 


9.3, p. 489 Exercises 3-31 


9.4, p. 499 Exercises 
17-22, 23(b), 24(b), 25-32 


kd 
| Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


A.8 Quadratic functions and 
equations, The student applies the 
mathematical process standards to 
solve, with and without technology, 
quadratic equations and evaluate 
the reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


1 A.8 Quadratic functions and 
equations. The student applies the 
mathematical process standards to 
solve, with and without technology, 
quadratic equations and evaluate 
the reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.8 Quadratic functions and 
equations. The student applies the 
mathematical process standards to 
solve, with and without technology, 
quadratic equations and evaluate 
the reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 


data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 

and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 

and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.8.A solve quadratic 
equations having real solutions 
by factoring, taking square roots, 
completing the square, and 
applying the quadratic formula 


A.8.B write, using technology, 
quadratic functions that provide 
a reasonable fit to data to 
estimate solutions and make 
predictions for real-world 
problems 


A.8.B write, using technology, 
quadratic functions that provide 
a reasonable fit to data to 
estimate solutions and make 
predictions for real-world 
problems 


A.9.A determine the domain 
and range of exponential 
functions of the form f(x) = ab* 
and represent the domain and 
range using inequalities 


A.9.A determine the domain 
and range of exponential 
functions of the form f(x) = ab” 
and represent the domain and 
range using inequalities 


A.8.A.iv solve quadratic 
equations having real 
solutions by applying the 
quadratic formula 


A.8.B.i write, using 
technology, quadratic 
functions that provide a 
reasonable fit to data to 
estimate solutions 


A.8.B.ii write, using 
technology, quadratic 
functions that provide a 
reasonable fit to data to 
make predictions for 
real-world problems 


A.9.A.i determine the 
domain of exponential 
functions of the form 
on) = aver" 


A.9.A.ii determine the 
range of exponential 
functions of the form 
f(x) = ab* 


9.5, pp. 504-505 Core 
Concept, Examples 1 
and 2 


9,2, p. 480 Example 7 


9.2, p. 480 Example 7 


6.3, pp. 293-294 
Examples 3—5, and 6(b) 


6.3, pp. 293-294 
Examples 3~5, and 6(b) 


9.5, p. 509 Exercises 9-24 


8.6, p. 454 Exercise 42 
9.2, p. 483 Exercises 55(a), 
55(b), 56(a), 56(b), 57(b), 
57(d), 58(a), 58(b) 


8.6, p. 454 Exercise 42 
9.2, p. 483 Exercises 55(c), 
56(c), 57(0), 58(0) 


6.3, pp. 296-298 Exercises 
25-36, 41(b), 42(b), 44, 49 


6.3, pp. 296-298 Exercises 
25-36, 41(b), 42(b), 44, 49 


Correlation from 


TEKS to Algebra 1 (continued) 


| Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 
and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 

i relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 

j and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 

and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 
and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9.A determine the domain 
and range of exponential 
functions of the form f(x) = ab* 
and represent the domain and 
range using inequalities 


A.9.A determine the domain 
and range of exponential 
functions of the form f(x) = ab* 
and represent the domain and 
range using inequalities 


A.9.B interpret the meaning 
of the values of a and 0 in 
exponential functions of the 
form f(x) = ab* in real-world 
problems 


A.9.B interpret the meaning 
of the values of a and 0 in 
exponential functions of the 
form f(x) = ab” in real-world 
problems 


A.9.A.iii represent the 
domain [of exponential 
functions of the form 
f(x) = ab*] using 
inequalities 


A.9.A.iv_ represent the 
range {of exponential 
functions of the form 
f(x) = ab*] using 
inequalities 


A.9.B.i interpret the 
meaning of the values of 
a in exponential functions 
of the form f(x) = ab’ in 
real-world problems 


A.9.B.ii interpret the 
meaning of the values of 
b in exponential functions 
of the form f(x) = ab* in 
real-world problems 


6.3, p. 294 Example 6(b) | 6.3, p. 297 Exercise 41 (b), 


42(b) 


6.3, pp. 293-294 
Examples 3-5, 6(b) 


6.3, p. 296-298 Exercises 
25-36, 41 (b), 42(b), 44, 49 


6.3, pp. 297-298 Exercises 
41(a), 42(a), 56 

6.4, pp. 306-307 Exercises 
41-44, 57,58 


6.3, p. 294 Example 6(a) 
6.4, pp. 302-303 
Examples 3, 6 


6.3, p. 294 Example 6(a) 
6.4, pp. 302-303 
Examples 3, 6 


6.3, p. 298 Exercise 56 
6.4, pp. 306-308 Exercises 
41-44, 57, 58, 63 


| Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


A.9 Exponential functions and A.9.C write exponential A.9.C.i write exponential | 6.3, p. 294 Example 6 6.3, p. 298 Exercises 52, 
equations. The student applies the functions in the form functions in the form 53, 58, 59 
mathematical process standards f(x) = ab* (where b is a rational | f(x) = ab* (where bis a 8.6, pp. 452, 454 Exercises 
when using properties of exponential | number) to describe problems rational number) to 22, 24, 40 
functions and their related arising from mathematical and describe problems arising 

transformations to write, graph, real-world situations, including from mathematical 

and represent in multiple ways growth and decay situations 

exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9 Exponential functions and | A.9.C write exponential A.9.C.ii write exponential | 6.4, pp. 300, 303 Core 
equations. The student applies the functions in the form functions in the form Concept, Example 1 (a), 
mathematical process standards f(x) = ab* (where b is a rational |} f(x) = ab” (where b is Core Concept, Examples 
when using properties of exponential | number) to describe problems a rational number) to 5 and 6(a) 
functions and their related arising from mathematical and describe problems arising 
transformations to write, graph, real-world situations, including | from real-world situations, 
and represent in multiple ways growth and decay including growth 
exponential equations and evaluate, ; 
with and without technology, the 
reasonableness of their solutions. 
| The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


6.4, pp. 305, 307 Exercises 
13-16, 17(a), 18(a), 53-56, 
57(a), 58(a), 59{a) 


A.9.C write exponential 
functions in the form 
f(x) = ab* (where b is a rational 
number) to describe problems 
arising from mathematical and 
real-world situations, including 
growth and decay 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 

and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9.C.iii write exponential | 6.4, pp. 301, 304 Core 6.4, pp. 305-307 Exercises 
functions in the form Concept, Example 7(a) | 27-30, 32, 60(a) 

f(x) = ab* (where b is 

a rational number) to 
describe problems arising 
from real-world situations, 
including decay 


6.4, p. 303 Example 6(b) | 6.4, pp. 307-308 Exercises 
57(b), 58(b), 59(c), 64(a), 


64(c) 


A.9.D graph exponential 
functions that model growth and 
decay and identify key features, 
including y-intercept and 
asymptote, in mathematical and 
real-world problems 


A.9.D.i graph 
exponential functions that 
modei growth 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 

and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


Correlation from 


TE KS to Al g e b ra 1 (continued) 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 
and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 

] relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
i functions and their related 
transformations to write, graph, 
and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
} data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 
and represent in multiple ways 

1 exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 

j The student formulates statistical 
relationships and evaluates their 

| reasonableness based on real-world 
data. The student is expected to: 


) A.9 Exponential functions and 

j equations. The student applies the 

y mathematical process standards 

7 when using properties of exponential 

} functions and their related 

| transformations to write, graph, 

| and represent in multiple ways 

] exponential equations and evaluate, 

| with and without technology, the 

| reasonableness of their solutions. 

| The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9.D graph exponential 
functions that model growth and 
decay and identify key features, 
including y-intercept and 
asymptote, in mathematical and 
real-world problems 


A.9.D.ii_ graph exponential 
functions that model decay 


A.9.D graph exponential 
functions that model growth and 
decay and identify key features, 
including y-intercept and 
asymptote, in mathematical and 
real-world problems 


A.9.D.iii_ identify key 
features, including 
y-intercept, in 
mathematical problems 


A.9.D graph exponential 
functions that model growth and 
decay and identify key features, 
including y-intercept and 
asymptote, in mathematical and 
real-world problems 


A.9.D.iv identify key 
features, including 
y-intercept, in real-world 
problems 


A.9.D.v identify key 
features, including 
asymptote, in mathematical 
problems 


A.9.D graph exponential 
functions that model growth and 
decay and identify key features, 
including y-intercept and 
asymptote, in mathematical and 
real-world problems 


— = of 
hai noone a 


6.4, p. 304 Example 7(c) | 6.4, pp. 307-308 Exercises 


60(c), 64(b), 64(d) 


6.3, p. 293 Teaching text, 
Core Concept, Examples 
3 and4 


6.3, pp. 296-298 Exercises 
25-30, 49 


6.3, p. 294 Example 6(a) | 6.3, p. 297 Exercises 41(a), 


4? (a) 


6.3, p. 293 Core 
Concept, Examples 3-5 


6.3, pp. 296-297 Exercises 
25-36 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 
and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 
and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.9 Exponential functions and 
equations. The student applies the 
mathematical process standards 
when using properties of exponential 
functions and their related 
transformations to write, graph, 
and represent in multiple ways 
exponential equations and evaluate, 
with and without technology, the 
reasonableness of their solutions. 
The student formulates statistical 
relationships and evaluates their 
reasonableness based on real-world 
data. The student is expected to: 


A.10 Number and algebraic methods. 


The student applies the 
mathematical process standards 
and algebraic methods to rewrite in 
equivalent forms and perform 


operations on polynomial expressions. 


The student is expected to: 


A.10 Number and algebraic methods. 


The student applies the 
mathematical process standards 
and algebraic methods to rewrite in 
equivalent forms and perform 


operations on polynomial expressions. 


The student is expected to: 


A.9.D graph exponential 


functions that model growth and 


decay and identify key features, 
including y-intercept and 
asymptote, in mathematical and 
real-world problems 


A.9.E write, using technology, 
exponential functions that 
provide a reasonable fit to 
data and make predictions 

for real-world problems 


A.9.E write, using technology, 
exponential functions that 
provide a reasonable fit to 
data and make predictions 

for real-world problems 


A.10.A add and subtract 
polynomials of degree one and 
degree two 


A.10.A add and subtract 
polynomials of degree one and 
degree two 


A.9.D.vi_ identify key 
features, including 
asymptote, in real-world 
problems 


A.9.E.i write, using 
technology, exponential 
functions that provide a 
reasonable fit to data 


A.9.E.ii_ make predictions 
for real-world problems 


A.10.A.1 add polynomials 
of degree one 


A.10.A.ii add polynomials 
of degree two 


6.4, p. 304 Example 7(c) 


6.3, p. 295 Example 7(a) 


6.3, p. 295 Example 7(b) 


7.1, p. 340 Example 4(a) 


7.1, pp. 340-341 
Examples 4(b) and 6(a) 


6.4, p. 307 Exercise 60(c) 


6.3, p. 297 Exercises 45(a), 
46(a) 


6.3, p. 297 Exercises 45(b), 
46(b) 


7.1, pp. 342-344 Exercises 
23, 24, 42,55 


7.1, pp. 342, 344 Exercises 
25-28, 53(a), 60(a) 


Iviii 


Correlation from 
TEKS to Algebra 1 (continued) 


i" Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


| A.10 Number and algebraic 


j methods. The student applies the 

| mathematical process standards 

} and algebraic methods to rewrite in 

1 equivalent forms and perform 

) Operations on polynomial expressions. 
| The student is expected to: 


) A.10 Number and algebraic 

7 methods. The student applies the 

7 mathematical process standards 

j and algebraic methods to rewrite in 

] equivalent forms and perform 

operations on polynomial expressions. 
I The student is expected to: 


} A.10 Number and algebraic 

} methods. The student applies the 

j mathematical process standards 

| and algebraic methods to rewrite in 

1 equivalent forms and perform 

] operations on polynomial expressions. 
| The student is expected to: 


A.10 Number and algebraic 

| methods. The student applies the 

1 mathematical process standards 

) and algebraic methods to rewrite in 
1 equivalent forms and perform 

] operations on polynomial expressions. 

i The student is expected to: 


1 A.10 Number and algebraic 
methods. The student applies the 
i mathematical process standards 


and algebraic methods to rewrite in 
equivalent forms and perform 
operations on polynomial expressions. 
The student is expected to: 


A.10 Number and algebraic 
methods. The student applies the 
mathematical process standards 
and algebraic methods to rewrite in 
equivalent forms and perform 


operations on polynomial expressions. 


The student is expected to: 


A.10 Number and algebraic 
methods. The student applies the 
mathematical process standards 
and algebraic methods to rewrite in 


equivalent forms and perform 
operations on polynomial expressions. 
The student is expected to: 


A.10.A add and subtract 
polynomials of degree one and 
degree two 


A.10.A add and subtract 
polynomials of degree one and 
degree two 


A.10.B multiply polynomials of 
degree one and degree two 


A.10.B multiply polynomials of 
degree one and degree two 


A.10.C determine the quotient 
of a polynomial of degree one 
and polynomial of degree two 
when divided by a polynomial 
of degree one and polynomial of 
degree two when the degree of 


A.10.A.tii subtract 
polynomials of degree one 


A.10.A.iv subtract 
polynomials of degree two 


A.10.B.i multiply 
polynomials of degree one 


A.10.B.ii multiply 
polynomials of degree two 


A.10.C.i determine the 
quotient of a polynomial of 
degree one when divided 
by a polynomial of degree _ 


7.1, p. 340 Example 5(a) 


7.1, pp. 340-341 
Examples 5(b) and 6(a) 


7.2, pp. 346-347 
Examples 1, 2, and 3(a) 


7,2, pp. 347-348 Core 
Concept, Examples 3(b) 
and 4 


7,4, pp. 358-359 
Teaching text, Core 
Concept, Example 2 


7.1, pp. 342-343 Exercises 
31, 32, 41 


7.1, pp. 342-344 Exercises 
33, 34, 39, 53(a), 61a) 


7.2, p. 349 Exercises 3-20, 
21-26, 31-34 


7.2, pp. 349-350 Exercises 
27-30, 35-42, 49, 50 


7.4, pp. 361-362 Exercises 
7-12, 41 


the divisor does not exceed the 
degree of the dividend 

A.10.C determine the quotient 
of a polynomial of degree one 
and polynomial of degree two 
when divided by a polynomial 
of degree one and polynomial of 
degree two when the degree of 
the divisor does not exceed the 
degree of the dividend 


A.10.C determine the quotient 
of a polynomial of degree one 
and polynomial of degree two 
when divided by a polynomial 
of degree one and polynomial of 
degree two when the degree of 
the divisor does not exceed the 
degree of the dividend 


A.10.C.ii determine the 
quotient of a polynomial of 
degree two when divided 
by a polynomial of degree 
one 


A.10.C.iii determine the 
quotient of a polynomial of 
degree two when divided 
by a polynomial of degree 
two 


7.4, pp. 358-360 
Teaching text, Core 
Concept, Examples 1, 
3, and 5 


7.4, pp. 358-359 
Teaching text, Core 
Concept, Example 4 


7.4, pp. 361-362 Exercises 
5, 6, 13-20, 29-36, 42, 45 


7.4, p. 361 Exercises 21-28 


et 
| Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


A.10 Number and algebraic A.10.D rewrite polynomial A.10.D.i rewrite 1.3, pp. 22-24 Examples } 1.3, p. 25 Exercises 2, 
methods. The student applies the expressions of degree one and polynomial expressions of | 2,3, and 4 11-16, 21-24, 26 
mathematical process standards degree two in equivalent forms | degree one in equivalent 

and algebraic methods to rewrite in using the distributive property forms using the distributive 

equivalent forms and perform property 

Operations on polynomial expressions. 
The student is expected to: 


A.10 Number and algebraic 
methods. The student applies the 
mathematical process standards 

and algebraic methods to rewrite in 
equivalent forms and perform 
operations on palynomial expressions, 
The student is expected to: 


A.10 Number and algebraic A.10.E factor, if possible, A.10.E.i factor, if possible, | 7.7, pp. 378-379 
methods. The student applies the trinomials with real factors trinomials with real factors | Examples 1-4 
mathematical process standards in the form ax’ + bx + ¢, in the form ax? + bx + ¢ 7.8, p. 385 Core 
and algebraic methods to rewrite in including perfect square including perfect square Concept, Example 3 
equivalent forms and perform trinomials of degree two trinomials of degree two : 
operations on polynomial expressions. 
The student is expected to: 


A.10 Number and algebraic A.10.F decide if a binomial can | A.10.F.i decide if a 
methods. The student applies the be written as the difference of binomial can be written 
mathematical process standards two squares and, if possible, as the difference of two 
and algebraic methods to rewrite in use the structure of a difference } squares 
equivalent forms and perform of two squares to rewrite the 

operations on polynomial expressions. | binomial ‘y 

The student is expected to: is, Lobes | 


A.10 Number and algebraic A.10.F decide if a binomial can | A.10.Fii if [a binomial can | 7.8, p. 384 Examples 1 7.8, p. 387 Exercises 3-14 
methods. The student applies the be written as the difference of be written as the difference } and 2 

mathematical process standards two squares and, if possible, of two squares], use the 
and algebraic methods to rewrite in use the structure of a difference | structure of a difference of 
equivalent forms and perform of two squares to rewrite the two squares to rewrite the 
operations on polynomial expressions. | binomial binomial 
The student is expected to: 


A.10.D rewrite polynomial 
expressions of degree one and 
degree two in equivalent forms 
using the distributive property 


A.10.D.ii rewrite 7.2, pp. 347-348 7.2, pp. 349-350 Exercises 
polynomial expressions of | Examples 3(b) and 4 27-30, 35-42, 49, 50 
degree two in equivalent 
forms using the distributive 


property 


7.7, pp. 381-382 Exercises 
2-34, 39-48 

7.8, pp. 387-388 Exercises 
15-22, 24-26, 37-40, 43 


7.8, p. 384 Examples 1 
and 2 


7.8, p. 387 Exercises 3-14 


9.1, pp. 471-473 Exercises 
13-16, 21-24, 37, 45-48, 
55-60, 61, 63-80, 83, 84, 

87, 88, 91 


A.11.A simplify numerical 
radical expressions involving 
square roots 


A.11.A.1 simplify 
numerical radical 
expressions involving 
square roots 


9.1, pp. 466-470 Core 
Concepts, Examples 
1(a), 2(a), 5-7, 8(a), 
8(b), and 9 


A.11 Number and algebraic methods. 
The student applies the mathematical 
process standards and algebraic 
methods to rewrite algebraic 
expressions into equivalent forms. 
The student is expected to: 


A.11.B.i simplify numeric 
expressions using the laws 
of exponents, including 
integral exponents 


6.1, pp. 278-279 6.1, pp. 282-283 Exercises 
All Core Concepts, 5-12, 23-26, 29, 30, 33, 
Examples 1, 3{a), 3(b), 35, 46, 51-56, 58 

and 6 


A.11.B simplify numeric and 
algebraic expressions using the 
laws of exponents, including 

integral and rational exponents 


A.11 Number and algebraic methods. 
The student applies the mathematical 
process standards and algebraic 
methods to rewrite algebraic 
expressions into equivalent forms. 

The student is expected to: 


6.2, pp. 289-290 Exercises 
23-28, 30-35, 37-40, 
45, 46 


A.11.B.ii simplify numeric 
expressions using the laws 
of exponents, including 
rational exponents 


6.2, pp. 287-288 
Teaching text, Core 
Concept, Examples 3, 
4(a), and 5 


A.11 Number and algebraic methods. | A.11.B simplify numeric and 
The student applies the mathematical | algebraic expressions using the 
process standards and algebraic laws of exponents, including 
methods to rewrite algebraic integral and rational exponents 
expressions into equivalent forms. 


The student is expected to: 


Correlation from 
TEKS to Algebra t (continued) 


a Knowledge and Skills Statement | Student Expectation Instruction Citations | Review Citations 


} A.11 Number and algebraic methods. | A.11.B simplify numeric and A.11.B.iii simplify 6.1, pp. 278-281 All Core | 6.1, pp. 282-284 Exercises 
] The student applies the mathematical | algebraic expressions using the | algebraic expressions Concepts, Examples 2, 1B=227 277287 3ins2o4: 
i process standards and algebraic laws of exponents, including using the laws of 3(c), 4, and 5 36-45, 47-50, 57, 59-62 
methods to rewrite algebraic integral and rational exponents | exponents, including 
# expressions into equivalent forms. integral exponents 
The student is expected to: 


A.11 Number and algebraic methods. | A.11.B simplify numeric and A.11.B.iv simplify 6.2, pp. 287-288 Core 6.2, p. 290 Exercises 
The student applies the mathematical | algebraic expressions using the | algebraic expressions Concept, Example 4(b) j 41-44, 51-54 
j process standards and algebraic laws of exponents, including using the laws of 
methods to rewrite algebraic integral and rational exponents | exponents, including 
expressions into equivalent forms. rational exponents 
| The student is expected to: 


§ A.12 Number and algebraic methods. | A.12.A decide whether A.12.A.i decide whether 3.1, p. 90 Example 2 3.1, p. 94 Exercises 9-12 
j the student applies the mathematical | relations represented verbally, relations represented 

process standards and algebraic tabularly, graphically, and verbally define a function 

methods to write, solve, analyze, and | symbolically define a function 

evaluate equations, relations, and 

| functions. The student is expected to: 


A.12 Number and algebraic methods. | A.12.A decide whether A.12.A.ii decide whether 
The student applies the mathematical } relations represented verbally, relations represented 

] process standards and algebraic tabularly, graphically, and tabularly define a function 
| methods to write, solve, analyze, and | symbolically define a function 

7 evaluate equations, relations, and 

| functions. The student is expected to: 


3.1, p. 90 Example 1(c) 3.1, pp. 94-95 Exercises 7, 
8, 23, 24 


A.12.A.iii, decide whether 
relations represented 
graphically define a 
function 


A.12.A decide whether 
relations represented verbally, 
tabularly, graphically, and 

symbolically define a function 


3.1, pp. 94-96 Exercises 
13-16, 31, 34(a), 35 


| A.12 Number and algebraic methods. 
| The student applies the mathematical 
| process standards and algebraic 

7 methods to write, solve, analyze, and 
i evaluate equations, relations, and 

| functions. The student is expected to: 


3.1, p.91 Core Concept, 
Example 3 


} A.12 Number and algebraic methods. 
The student applies the mathematical 
process standards and algebraic 
methods to write, solve, analyze, and 
evaluate equations, relations, and 
functions. The student is expected to: 


A.12.A decide whether A.12.A.iv decide whether | 3.1, p. 90 Example 1 
relations represented verbally, relations represented 

tabularly, graphically, and symbolically define a 

symbolically define a function function 


3.1, pp. 94-95 Exercises 
3-6, 32, 33(a) 


A.12 Number and algebraic methods. } A.12.B evaluate functions, A.12.B.i evaluate 3.3, pp. 108-110 3.3, pp. 111-112 Exercises 
The student applies the mathematical | expressed in function notation, functions, expressed in Teaching text, Examples | 2-12, 21-28, 30-33, 34(b), 
process standards and algebraic given one or more elements in function notation, given 1,2, 4, and 5 35, 36 
methods to write, solve, analyze, and | their domains one or more elements in 

evaluate equations, relations, and their domains 

functions. The student is expected to: 


A.12 Number and algebraic methods. | A.12.C identify terms of A.12.C.i identify terms of | 6.6, p. 320 Teaching text, 
The student applies the mathematical | arithmetic and geometric arithmetic sequences when | Core Concept, Example 
process standards and algebraic sequences when the sequences | the sequences are given 1(a) 
methods to write, solve, analyze, and | are given in function form using } in function form using 

evaluate equations, relations, and recursive processes recursive processes 

functions. The student is expected to: 


A.12 Number and algebraic methods. | A.12.C identify terms of 
The student applies the mathematical | arithmetic and geometric 


6.6, pp. 324-325 Exercises 
Al Sy Ts, a) 


A.12.C.ii identify terms of 
geometric sequences when 


6.6, p. 320 Teaching text, | 6.6, pp. 324-325 Exercises 
Core Concept, Example j 3, 6, 9-12, 48, 49 


process standards and algebraic sequences when the sequences | the sequences are given 1(b) 
methods to write, solve, analyze, and | are given in function form using } in function form using 
evaluate equations, relations, and recursive processes recursive processes 


functions. The student is expected to: 


A.12.D.i write a formula 
forthe nth term of 

arithmetic sequences, given 
the value of several of their 
terms 


A.12.D write a formula for 
the nth term of arithmetic and 
geometric sequences, given the 
value of several of their terms 


A.12 Number and algebraic methods. 
The student applies the mathematical 
process standards and algebraic 
methods to write, solve, analyze, and 
evaluate equations, relations, and 
functions. The student is expected to: 


4.7, pp. 204-205 4.7, p. 207 Exercises 

Teaching text, Core 33-38, 40, 45(a), 46(a) 
Concept, Examples 4 
and 5{a) 


A.12.D.ii write a formula 
for the nth term of 

geometric sequences, given 
the value of several of their 
terms 


A.12.D write a formula for 
the nth term of arithmetic and 

geometric sequences, given the 
value of several of their terms 


A.12 Number and algebraic methods. 
The student applies the mathematical 
process standards and algebraic 
methods to write, solve, analyze, and 
evaluate equations, relations, and 
functions. The student is expected to: 


6.5, pp. 314-315 
Teaching text, Core 
Concept, Examples 4 
and 5 


6.5, pp. 316-318 Exercises 
25-32, 36, 37(a), 38(a), 39, 
40, 47, 50(a), 51(b), 54 


A.12 Number and algebraic methods. | A.12.E solve mathematic and A.12.E.i solve mathematic | 1.4, p. 29 Examples 3 1.4, pp. 32-34 Exercises 
The student applies the mathematical | scientific formulas, and other formulas for a specified and 4 28, 29, 37, 39, 40, 42-44 
process standards and algebraic literal equations, for a specified | variable _ a) 

/ methods to write, solve, analyze, and | variable 

evaluate equations, relations, and 
functions. The student is expected to: 


A.12 Number and algebraic methods. ] A.12.£ solve mathematic and A.12.E.ii solve scientific 1.4, pp. 30-31 Examples | 1.4, pp. 32-34 Exercises 
The student applies the mathematical } scientific formulas, and other formulas for a specified 5 and 8 30-32, 34, 36, 38, 41 
process standards and algebraic literal equations, for a specified | variable 

methods to write, solve, analyze, and | variable 

evaluate equations, relations, and 
functions. The student is expected to: 


A.12 Number and algebraic methods. | A.12.E solve mathematic and | A.12.E.iii solve other 1.4, pp. 28, 31 Examples 
The student applies the mathematical | scientific formulas, and other literal equations for a 1,2, and 7 
process standards and algebraic _ literal equations, for a specified | specified variable 

methods to write, solve, analyze, and | variable 
evaluate equations, relations, and 
functions. The student is expected to: 


1.4, pp. 32-34 Exercises 
2-27, 33, 35, 45, 46 
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Pacing Guide 


Chapters 1-9 


Chapter 1 

Chapter Opener/ 
Mathematical Thinking 
Section 1 

Section 2 

Quiz 

Section 3 

Section 4 

Chapter Review/Chapter Tests 
Year-to-Date 12 Days 


(12 Days) 


Chapter 2 

Chapter Opener/ 
Mathematical Thinking 
Section 1 

Section 2 

Section 3 

Quiz 

Section 4 

Section 5 

Chapter Review/Chapter Tests 
Year-to-Date 26 Days 


(14 Days) 


Chapter 3 

Chapter Opener/ 
Mathematical Thinking 
Section 1 

Section 2 

Section 3 

Quiz 

Section 4 

Section 5 

Section 6 

Section 7 

Chapter Review/Chapter Tests 
Year-to-Date 45 Days 


(19 Days) 


157 Days 


1 Day 
2 Days 
2 Days 
1 Day 
2 Days 
2 Days 
2 Days 


1 Day 
2 Days 
2 Days 
2 Days 
1 Day 
2 Days 
2 Days 
2 Days 


1 Day 
2 Days 
2 Days 
2 Days 
1 Day 
2 Days 
2 Days 
2 Days 
3 Days 
2 Days 


Chapter 4 

Chapter Opener/ 
Mathematical Thinking 
Section 1 

Section 2 

Section 3 

Section 4 

Quiz 

Section 5 

Section 6 

Section 7 

Chapter Review/Chapter Tests 
Year-to-Date 63 Days 


(18 Days) 


Chapter 5 

Chapter Opener/ 
Mathematical Thinking 
Section 1 

Section 2 

Section 3 

Section 4 

Quiz 

Section 5 

Section 6 

Section 7 

Chapter Review/Chapter Tests 
Year-to-Date 82 Days 


(19 Days) 


Chapter 6 

Chapter Opener/ 
Mathematical Thinking 
Section 1 

Section 2 

Section 3 

Section 4 

Quiz 

Section 5 

Section 6 

Chapter Review/Chapter Tests 
Year-to-Date 99 Days 


(17 Days) 


1 Day 
2 Days 
2 Days 
2 Days 
2 Days 
1 Day 
2 Days 
2 Days 
2 Days 
2 Days 


1 Day 
2 Days 
2 Days 
2 Days 
2 Days 
1 Day 
2 Days 
2 Days 
3 Days 
2 Days 


1 Day 
2 Days 
2 Days 
2 Days 
3 Days 
1 Day 
2 Days 
2 Days 
2 Days 


Chapter 7 (22 Days) 
Chapter Opener/ 

Mathematical Thinking 

Section 1 

Section 2 

Section 3 

Section 4 

Section 5 

Quiz 

Section 6 

Section 7 

Section 8 

Section 9 

Chapter Review/Chapter Tests 
Year-to-Date 121 Days 


Chapter 8 (18 Days) 
Chapter Opener/ 

Mathematical Thinking 

Section 1 

Section 2 

Section 3 

Quiz 

Section 4 

Section 5 

Section 6 

Chapter Review/Chapter Tests 
Year-to-Date 139 Days 


1 Day 
2 Days 
2 Days 
2 Days 
1 Day 
2 Days 
3 Days 
3 Days 
2 Days 


Chapter 9 

Chapter Opener/ 
Mathematical Thinking 
Section 1 

Section 2 

Section 3 

Quiz 

Section 4 

Section 5 


(18 Days) 


Chapter Review/Chapter Tests 


Year-to-Date 


157 Days 


1 Day 
3 Days 
3 Days 
2 Days 
1 Day 
3 Days 
3 Days 
2 Days 


Ch a 


Ch 


Mathematical Thinking pay 
Section 1 2 Days 
Saslion 2 Days 
Quiz 7 1 Day 
Section 3 2 Days 
Section 4 2 Days 
es te 
Total Chapter 1 12 Days 


Year-to-Date 


Texas Essential 
Knowledge and Skills 


Summary 


Section Ski Club (p. 32) 


A.5.A, A.10.D 


A.5.A, A.10.D 


1.4 A.12.E 


Biking (p. 14) 


ad 


a a xf : ; 
a Matl emat ical Thinking: Mathematically proficient students can apply the mathematics they know to solve problems 
_ arising in everyda 


Ixiv Chapter 1 


Maintaining Mathematical Proficiency aT ILE 


Dynamic Assessment & Progress Monitoring Tool 


Adding and Subtracting Integers (6.3.p) | Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Example 1 Evaluate 4 + (-—12), 


fie |-12| > |4|, So, subtract |4) from | -121. } 


Dynamic Classroom with Dynamic Investigations 


4 +(-12)= -8 Real-Life STEM Videos 
Use the sign of = 12 im 
Example 2. Evaluate —7 — (—16). +3 pees iciecand Skills 
pe ee aur cepestie oh 1G | 6.3.D The student is expected to add, 
= a | subtract, multiply, and divide integers 
Add or subtract. | — fluently. 
le SS) Sr =) Ze We ily) 
ANSWERS 
M1) = (ig) & Sl=6 E72 
Tp epee he ee) : a3 
Ss te 
Multiplying and Dividing Integers (6.3.p) 4. 32 
Example 3 Evaluate —3 - (—5). Sy = 7/ 
The integers have the same sign. 6. 2 
— ae \ Yo 22 
=$ (SS) = 15 by 
6 em is positive. } C= 
Example 4 Evaluate 15 + (—3). 10. —24 
The integers have different signs. 11. 63 
= 12, = 28 
15 = (3) = -5 13. 4 
The quotient is negative. \ 14. —8 
; ; a 15. —4 
Multiply or divide. teas 
10. —3(8) Tih =7 o(—3)) Ps Wo(—7) We, © 
13, —24 = (6) iA, =i6 =2 1, 1A (a) 18. 12 
16. 6°8 17. 36 +6 18. —3(-4) | 19. a. Ifthe signs are the same, add 


the absolute values and attach the 
sign. If the signs are different, 
subtract the absolute values and 
attach the sign of the number 
as sieseeseeeieimeittieatieeeeesitatiiantiadttiiiasanaasatttaaiaiaiainaaeaia ttl j with the greatest absolute value; 
Dynamic Solutions available at BigideasMath.com Sample answer: -6 + 2= —4 


19. ABSTRACT REASONING Summarize the rules for (a) adding integers, (b) subtracting integers, 
(c) multiplying integers, and (d) dividing integers. Give an example of each, 


b. Add the opposite, Sample 
answer: 5 — (—3) =5+3=8 

c. Multiply the absolute values. 

For suggestions on Maintaining Mathematical Proficiency in your classroom, If the signs are the same, then the 

see Laurie’s Notes at BigideasMath.com. product is positive. If the signs 

are different, then the product is 

. negative; Sample answer: 

Vocabulary..Review. (—6)(—4) = 24 

d. Divide the absolute values. If 
the signs are the same, then the 

d quotient is positive. If the signs 

* Opposite are different, then the quotient 1s 

° Absolute Value negative; Sample answer: 

=I) = see) 


Have students make Information Frames for the following words. 


® Integer 


Chapter 1 1 


MONITORING PROGRESS 
ANSWERS 


1. about 3 million per year 


2. 30 mi/gal oe ; 
=. Shounen Specifying Units of Measure 


G) Core Concept 


Operations and Unit Analysis 
Addition and Subtraction 


Mathematical Mathematically proficient students display, explain, and justify 


e < mathematical ideas and arguments using precise mathematical 
Th | n king language in written or oral communication. (A.1.G) 


When you add or subtract quantities, they must have the same units of ineasure. 
The sum or difference will have the same unit of measure. 
Example Perimeter of rectangle 

3ft = (3 ft) + (5 ft) + G ft) + G ft) 


= = 16 feet (nena add feet, | 
you get feet. i 


Multiplication and Division 


When you multiply or divide quantities, the product or quotient will have a 
different unit of measure. 


Example Area of rectangle = (3 ft) X (5 ft) When you multiply feet, you get \ 
= 15 square feet feet squared, or square feet. | 


PONV § Specifying Units of Measure 


You work 8 hours and earn $72. What is your hourly wage? 


SOLUTION 


dollars per hour dollars per hour 


a y f 7. ae ae 7 
The units on each side of the 


oe - Sh < equation balance. Both are 


Seat | specified ie dollars per mt 


Hourly wage 
($ per h) 


P Your hourly wage is $9 per hour. 


Monitoring Progress 


Solve the problem and specify the units of measure. 


1. The population of the United States was about 280 million in 2000 and about 
310 million in 2010. What was the annual rate of change in population from 
2000 to 2010? 


. You drive 240 miles and use 8 gallons of gasoline. What was your car’s gas mileage 
(in miles per gallon)? 


. A bathtub is in the shape of a rectangular prism. Its dimensions are 5 feet by 3 feet by 
18 inches. The bathtub is three-fourths full of water and drains at a rate of 1 cubic foot 
per minute. About how long does it take for all the water to drain? 


Chapter1 Solving Linear Equations 


For insights into Mathematical Thinking, see Laurie’s Notes at BigideasMath.com. 


If students need help... If students got it... 


Student Journal 


¢ Maintaining Mathematical Proficiency Game Closet a oe ier 


Lesson Tutorials Start the next Section 
lina 


Skills Review Handbook 


2 Chapter 1 


Solving Simple Equations 


Essential Question How can you use simple equations to solve 


TEXAS ESSENTIAL real-life problems? 
KNOWLEDGE AND SKILLS 


eeu EXPLORATION 1 MBGEGUaiten tel xs 


Work with a partner. Use a protractor to measure the angles of each quadrilateral. 
Copy and complete the table to organize your results. (The notation 7A denotes the 


measure of angle A.) How precise are your measurements? 
en 


ae c. 
A 
B 
D e 
a ] 
: mZA mZB mZ¢ | mZD mZA + mZB 
UNDERSTANDING Quadrilateral (degrees) | (degrees) | (degrees) | (degrees)’ +mZC+mZD | 
| 
MATHEMATICAL — - ' : 
TERMS ie a =a | Tad 
A conjecture is an b. i! | | | 
unproven statement ‘ ae | _ | 7 _ - | 
about a general eee | ee, ee i = el 
mathematical concept. . 
eae ctteme is Saike) TNE A Making a Conjecture 
proven, it is called a 
rule or a theorem. Work with a partner. Use the completed table in Exploration | to write a conjecture 


about the sum of the angle measures of a quadrilateral. Draw three quadrilaterals that 
are different from those in Exploration ] and use them to justify your conjecture. 


i> 4amelvevlel\eem Applying Your Conjecture 


Work with a partner. Use the conjecture you wrote in Exploration 2 to write an 
equation for each quadrilateral. Then solve the equation to find the value of x. Use 
a protractor to check the reasonableness of your answer. 


a. " b. ce 
85 73° 30° 
100° 
x 
90° 
80° x ue ae 
60° 90) 


Communicate Your Answer 


4, How can you use simple equations to solve real-life problems? 


5. Draw your own quadrilateral and cut it out. Tear off the four corners of 
the quadrilateral and rearrange them to affirm the conjecture you wrote in 
Exploration 2. Explain how this affirms the conjecture. 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Sb @ Go aP IO se oe ar 0 = stelle oe = OS 
b. x + 78 + 60 + 72 = 360; x = 150 
CHOU RO CORE xy — 3007 —T50) 

4. Simple equations can relate parts of 
geometric shapes and can be used to find 
missing parts. 

5. The corners can be arranged so the angles 
complete a full circle, which is 360°. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.5.A The student is expected to solve 
linear equations in one variable, including 
those for which the application of the 


distributive property is necessary and for 
which variables are included on both sides. 


ANSWERS 
1. a. 110; 90; 92; 68: 360° 


b. 65; 147; 58; 90; 360° 
@ Sle 78a WSe Wise Seo" 
Answers will vary. 

2. equals 360° 


Sample answer: 


100 + 40 + 140 + 80 = 360 


10) ar lO) sp JUS) se Ss) = Bxe0) 


150 + 30 + 75 + 105 = 360 


Divide the quadrilateral into two 
triangles. 

The sum of the angle measures of 
a triangle is 180°, so the sum of the 
angle measures of a quadrilateral is 
2(180°) = 360°. 
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Extra Example 1 
Solve each equation. Justify each step. 
Check your answer. 


el ee mal 
a. d = al ‘i 


bm+48=92 m=44 


MONITORING PROGRESS 
ANSWERS 


1. n = —10; Subtract 3 from each side. 


2. g = —3 Add + to each side, 
3. p = —10.4; Subtract 3.9 from each 
side. 


For classroom suggestions on 
teaching this lesson, see Laurie’s 
Notes at BigideasMath.com. 
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What You Will Learn 


® Solve linear equations using addition and subtraction. 
® Solve linear equations using multiplication and division. 
P Use linear equations to solve real-life problems. 


Core Vocabulary. 


conjecture, p. 3 


Solving Linear Equations by Adding or Subtracting 


rule, p. 3 
theorem, p. 3 An equation is a statement that two expressions are equal. A linear equation in one 
equation, p. 4 variable is an equation that can be written in the form ax + b = 0, where a and b are 


constants and a # 0. A solution of an equation is a value that makes the equation true. 


Inverse operations are two operations that undo each other, such as addition 
and subtraction. When you perform the same inverse operation on each side of an 


equation, you produce an equivalent equation. Equivalent equations are cquations 
that have the same solution(s). 


G Core Concept 


Addition Property of Equality 


Words Adding the same number to each side of an equation produces 
an equivalent equation. 


Algebra Ifa=b,thena+c=b+e. 


linear equation 

in one variable, p. 4 
solution, p. 4 
inverse operations, p. 4 
equivalent equations, p. 4 


Previous 
expression 


Subtraction Property of Equality 


Words Subtracting the same number from each side of an equation produces 
an equivalent equation. 


Algebra Ifa=b,thena-—c=b-ce. 


EXAMPLE 1 Solving Equations by Addition or Subtraction 


Solve each equation. Justify each step. Check your answer. 


Eb oe 3S 5 b. 0.9 = y + 2.8 
SOLUTION 
a.x—3=—5 Write the equation. Check 
Addition Property of Equality ae arg) Add 3 to each side. x—3 e = 
- — ge =% Simplify. 23 Se 


aa 


P The solution is x = —2. 


b. 0.9=y+2.8 Write the equation. chee 
Subtract 2.8 from each side. 
-19=y Simplify. 


P The solution is y = —1.9. 


09=y+2.8 

2 
0.9= -1.9+2.8 
09-09 8 
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Solve the equation. Justify each step. Check your solution. 


n+3=-7 2, g-4=-3 3, -65=p+39 
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Solving Linear Equations 


SUPPORTING English Language Learners 


Have students use the following Core Vocabulary as they read the topic Solving Linear Equations 
by Adding or Subtracting: equation, linear equation in one variable, solution, inverse operations, 
equivalent operations. 


| Beginning Repeat the Core Vocabulary to improve pronunciation. 

| Intermediate Read aloud one sentence with Core Vocabulary. 

| Advanced Read aloud a paragraph. 

| Advanced High Explain a sentence with Core Vocabulary using their own words. 


ELPS 3.D.1 Speak using grade-level content area vocabulary in context to internalize new 
English words. 


Solving Linear Equations by Multiplying or Dividing Extra Example 2 


65) Core Concept Solve each equation. Justify each step. 
Multiplication Property of Equality Check your answer. 
Words Multiplying each side of an equation by the same nonzero number an — 4977 — — 20 
REMEMBER produces an equivalent equation. 5 
Multiplication and division Algebra Ifa=b,thena-c=b+c,c#0. I, Je = we C= 3 


are inverse operations. 


a: ; @ Aor=S 7S r= sv 
Division Property of Equality 


Words Dividing each side of an equation by the same nonzero number 


produces an equivalent equation. MONITORING PROGRESS 
Algebra Ifa =b,thena+c=b+c,c #0. ANSWERS 
=m 4. y = —18; Multiply each side by 3. 
5. x = 9; Divide each side by 7. 
6. w = 28; Divide each side by 0.05. 


PN Vigeawes Solving Equations by Multiplication or Division 


Solve each equation. Justify each step. Check your answer. 


Hees b. mx = —24 ce. 1.32 = 5.2 
SOLUTION 
a. =e =—3 Write the equation. Check 
n 
seit i ‘ =e =-3 
Multiplication Property of Equality }—» —S + l=2) = —5+(—3) Multiply each side by —5. 15 2 
2 . -—— — Oe 
n=15 Simplify. = ae av 
> The solution isn = 15. ‘ a 
b. ax = —27 Write the equation. Check 
= 7 ; =-2 
Division Property of Equality CS Spee Divide each side by 7. on i 
— meres TT a(—2) = —2a . 
= 7 Simplify. -—r=-2r 
* 
> The solution is x = —2. . 
e. 1.32 = 5.2 Write the equation. Check 
Divisi ; ilaske 5 es : eee ao) 
ivision Property of Equality } oe Divide each side by 1.3. =o me 
——— = , simplify 1.3(4) = 5.2 
2= implify. 
5.2 = 5.2 
P The solution is z = 4. <a 
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Solve the equation. Justify each step. Check your solution. 


4. = 6 5. On = mx 6. 0.05w = 1.4 
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Differentiated Instruction 


Kinesthetic 

Ask two students to assist you at the board or overhead when solving equations. Assign one 
student to the left side of the equation and the other student to the right side. Each student is 
responsible for performing the operations on his or her side. Emphasize that to keep the equality, 
both students must perform the same operation to solve the equation. 


Section 1.1 


Extra Example 3 

You clean a community park for 6.5 hours. 
You earn $42.25. Write and solve an 
equation to find how much you earn per 
hour. 6.5r = 42.25; r = 6.5; You earn 
$6.50 per hour. 


MONITORING PROGRESS 


ANSWER 
HO SESE C 
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Solving Real-Life Problems 


G Core Concept 


Four-Step Approach to Problem Solving 


1. Understand the Problem What is the unknown? What information is being 
given? What is being asked? 


APPLYING 
MATHEMATICS 


Mathematically proficient 
students routinely check 
that their sofutions make 
sense in the context of a 
real-life problem. 


2. Make a Plan This plan might involve one or more of the problem-solving 
strategies shown on the next page. 


3. Solve the Problem Carry out your plan. Check that each step is correct. 


Look Back Examine your solution. Check that your solution makes sense in 
the original statement of the problem. 


“EXAMPLE 3 Modeling with Mathematics 


In the 2012 Olympics, Usain Bolt won the 
200-meter dash with a time of 19.32 seconds. Write 
and solve an equation to find his average speed to 
the nearest hundredth of a meter per second. 


REMEMBER SOLUTION 


The formula that relates 1. Understand the Problem You know the 

distance a, (ans or speed r, winning time and the distance of the race. 

and time tis You are asked to find the average speed to 
d=rt. the nearest hundredth of a meter per second. 


2. Make a Plan Use the Distance Formula to write 
an equation that represents the problem. Then 
solve the equation. 


3. Solve the Problem 


d=ret Write the Distance Formula. 
200 = r+ 19.32 Substitute 200 for d and 19,32 for t, 
REMEMBER 
The symbol ~ means a = vee Divide each side by 19.32. 
“approximately equal to.” ‘ eb 
10.35 =r Simplify. 


P Bolt’s average speed was about 10.35 meters per second. 


4. Look Back Round Bolt’s average speed to 10 meters per second. At this speed, 
it would take 


200 m 


TIES = 20 seconds 


to run 200 meters. Because 20 is close to 19.32, your solution is reasonable. 
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7. Suppose Usain Bolt ran 400 meters at the same average speed that he ran the 
200 meters. How long would it take him to run 400 meters? Round your answer 
to the nearest hundredth of a second. 


6 Chapter 1 Solving Linear Equations 


SUPPORTING English Language Learners 


| 
- To provide listening practice, read aloud the Four-Step Approach to Problem Solving as students 


| follow along. Provide synonyms when needed to help understanding. 


Beginning Repeat the title of each step. 
Intermediate State the actions used in each step. 
Advanced/Advanced High Explain each step using their own words. 


2.C.4 Learn academic vocabulary heard during classroom instruction and interactions. 


65] Core Concept Extra Example 4 


Common Problem-Solving Strategies A discounted concert ticket is $14.50 less 
Use a verbal model. Guess, check, and revise. than the original price p. You pay $53 for 
Draw a diagram. Sketch a graph or number line. a discounted ticket. What is the original 
Write an equation. Make a table. price of the ticket? The original ticket 
Look for a pattern. Make a list. price is $67.50. 

Work backward. Break the problem into parts. 


MONITORING PROGRESS 


ANSWER 
ON eaea §=6Modeling with Mathematics 8. 26 = 68 — c; $42 


On January 22, 1943, the temperature in Spearfish, South Dakota, fell from 54°F 
at 9:00 A.M. to —4°F at 9:27 a.m. How many degrees did the temperature fall? 


we 


SOLUTION 
1. Understand the Problem You know the temperature before and after the 
temperature fell. You are asked to find how many degrees the temperature fell. 


2, Make a Plan Use a verbal model to write an equation that represents the problem. 
Then solve the equation. 


3. Solve the Problem 


Words Temperature _ Temperature _ Number of degrees 
at 9:27 A.M. at 9:00 A.M. the temperature fell 


Variable Let T be the number of degrees the temperature fell. 


Equation —4 = 54 = T 
-4=54-T Write the equation. 
4—54=54—-54—-T Subtract 54 from each side. 
=533' = =f Simplify. 
58=T Divide each side by — 1. 


p> The temperature fell 58°F. 
REMEMBER 


The distance between two 
points on a number line is 


always positive. 58 
| A anc nt tn | 
SSS Sas per 


-8-4 0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 


4, Look Back The temperature feil from 54 degrees above 0 to 4 degrees below 0. 
‘You can use a number line to check that your solution is reasonable. 
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8. You thought the balance in your checking account was $68. When your bank 
statement arrives, you realize that you forgot to record a check. The bank 
statement lists your balance as $26. Write and solve an equation to find the 
amount of the check that you forgot to record. 
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Closure 


¢ Describe in words how to solve a one-step equation. Sample answer: Use the same inverse 
operation on each side of the equation to produce an equivalent equation. 


© Solve for x: —13.8 =x —4.3 x = -9.5 


Section 1.1 


Assignment Guide and 


Homework Check 


ASSIGNMENT 

Basic: 1-4, 5-39 odd, 43, 47, 50, 
57—65 

Average: 1-4, 6-38 even, 39-45, 
5057-65 

Advanced: 1—4, 12-20 even, 

29, 30-50 even, 51-65 


HOMEWORK CHECK 

Basic: 9, 11, 15, 27, 29 
Average: 10, 12, 28, 34, 43 
Advanced: 12, 14, 29, 30, 44 


ANSWERS 
iL, 45 arial 2 &< ital 
2. yessx — 5 


3. Division Property of Equality; Divide 
each side by 14. 


4. x — 6 = 5; It is the only one that 
involves addition and subtraction. 


5. x = 3; Subtract 5 from each side. 
6. m= —7; Subtract 9 from each side. 
7. y = 7; Add 4 to each side. 
8. s = 3; Add 2 to each side. 
9. w = —7; Subtract 3 from each side. 
10. n = —1; Add 6 to each side. 
11. p = —3; Add 11 to each side. 
12. g = —4; Subtract 4 from each side. 
13. r= 18; Add 8 to each side. 
14. ¢ = 4, Subtract 5 from each side. 
1, jp = OOS) = alle W505 
16. x + 12 = 195; 183 points 
17, x + 100 + 120 + 100 = 360; x = 40 
18. x + 150+ 77 + 48 = 360; x = 85 
19. x + 76 + 92 + 122 = 360: x = 70 
20. x + 60 + 115 + 85 = 360; x = 100 
21. g = 4; Divide each side by 5. 
22. gq = 13; Divide each side by 4. 
23. p = 15; Multiply each side by 5. 
24. y= 7; Multiply each side by 7. 
25. r = —8; Divide each side by —8. 
26. x = —16; Multiply each side by —2. 
27. x = 48; Multiply each side by 6. 
28. w = —18; Multiply each side by —3. 
29. s = —6, Divide each side by 9. 
30. tf = —49; Multiply each side by 7. 
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Monitoring Progress and Modeling with Mathematics 


In Exercises 5-14, solve the equation. Justify each step. 


1.1. Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


. VOCABULARY Which of the operations +, —, X, and + are inverses of each other? 


. VOCABULARY Are the equations —2x = 10 and —5x = 25 equivalent? Explain. 


. WRITING Which property of equality would you use to solve the equation 14x = 56? Explain. 


. WHICH ONE DOESN'T BELONG? Which expression does not belong with the other three? Explain 
your reasoning. 


Check your solution. (See Example 1.) 


5. 


7. 


S), 


8 


x+5=8 6. m+9=2 
y-4=3 82s = 
wt+3=-4 10. n-6=-7 

. “4=p-il 12. 0O=4+¢q 

a Par (=a) = Wo) 14. 1-(-5)=9 

. MODELING WITH MATHEMATICS A discounted 


amusement park ticket costs $12.95 less than the 
original price p. Write and solve an equation to find 
the original price. 


t's crazy fun at 
DNEs 
Copsren mans 


. MODELING WITH MATHEMATICS You and a friend 


are playing a board game. Your final score x is 
12 points less than your friend’s final score. Write 
and solve an equation to find your final score. 


ROUND ROUND FINAL 

9 _ 10 SCORE 

Your Friend 195 
a5 @ 


You 
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USING TOOLS The sum of the angle measures of a 
quadrilateral is 360°. In Exercises 17-20, write and 


solve an equation to find the value of x. Use a protractor 


to check the reasonableness of your answer. 


x 
150° 
77 
48° 
19. [56 ay 20. = 
quis 
122° ; 
92° x 
60° 


In Exercises 21-30, solve the equation. Justify each step. 


Check your solution. (See Example 2.) 


21. 52 = 20 22. 4q =52 

2B), joe S= 3 24. y+7=1 

25. —8r = 64 26. x+(-2)= 

27, 7=8 ma, SoG 
6 = 

29, —54 = 9s 30. === 


In Exercises 31-38, solve the equation. Check your 
solution. 


31. St r= 32. b-3=5 
33. em =6 34. ~2y =4 

35. 52=a-04 36. ft3a=70 
37. —1087 = 67 ai, fea (= 2)) = les 


ERROR ANALYSIS In Exercises 39 and 40, describe and 
correct the error in solving the equation. 


39, 
x -0.8+r=12.6 


r= 12.6 +(-08) 
r=118 
40. a 
ac =-4 


2(-$]=s-04 
m=—-12 


41. ANALYZING RELATIONSHIPS A baker orders 162 eggs. 


Each carton contains 18 eggs. Which equation can 
you use to find the number x of cartons? Explain your 
reasoning and solve the equation. 


@® 162x = 18 ® ee 


© 18x = 162 @ x+18= 162 


MODELING WITH MATHEMATICS In Exercises 42-44, 
write and solve an equation to answer the question. 
(See Examples 3 and 4.) 


42. The temperature at 5 p.m. is 20°F. The temperature 
at 10 p.m. is —5°F. How many degrees did the 
temperature fall? 


43. The length of an 
American flag is 
1.9 times its width. 
What is the width of 
the flag? 9.5 ft 


44. The balance of an investment account is $308 more 
than the balance 4 years ago. The current balance 
of the account is $4708. What was the balance 
4 years ago? 


45. REASONING Identify the property of equality that 
makes Equation | and Equation 2 equivalent. 


Equationt x — 


Equation2 4%-—2=x+ 12 


46. PROBLEM SOLVING Tatami mats are used as a floor 
covering in Japan. One possible layout uses four 
identic#l rectangular mats and one square mat, as 
shown. The area of the square mat is half the area of 
one of the rectangular mats. 


} Total area = 81 ft2 


a. Write and solve an equation to find the area of 
one rectangular mat. 


b. The length of a rectangular mat is twice the 
width. Use Guess, Check, and Revise to find 
the dimensions of one rectangular mat. 


47, PROBLEM SOLVING You spend $30.40 on 4 CDs. 
Each CD costs the same amount and is on sale for 
80% of the original price. 


a. Write and solve an 
equation to find how 
much you spend on 
each CD. 

b. The next day, the CDs 
are no longer on sale. 
You have $25. Will you 
be able to buy 3 more CDs? 
Explain your reasoning. 


48. ANALYZING RELATIONSHIPS As c increases, does 
the value of x increase, decrease, or stay the same 
for each equation? Assume c is positive. 


Equation Value of x | 


ac) 


| 
{ 
| 
eat 
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Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
3 t 
32. b= 
33. m= 14 
34. y= —10 
35. a=5.6 
36. f=4ir 
37. j= —-18 
38. x= —2.8 


39. Subtract —0.8 from each side, not 
add; r = 12.6 — (—0.8); r = 13.4 


40. Multiply each side by —3, not 3; 


-3-(-2] = -3-(-4)m= 12 


41. C; Multiplying the number of eggs in 
each carton by the number of cartons 
will give the total number of eggs; 

9 cartons 


42. 5 = 20) > Ff, 25°F 
43. 9.5 = 1.9w; 5 ft 
44. 4708 = b + 308; $4400 
45. Multiplication Property of Equality 
46. a. 4.5A = 81; 18 ft? 
b. 6 ft by 3 ft 
47. a. 4p = 30.40; $7.60 


b. no; Each CD costs $9.50 at the 
regular price, so 3 CDs would 
cost $28.50 which is greater than 
$25. 


48. increase; decrease; stay the same; 
increase 
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49. USING STRUCTURE Use the values —2, 5, 9, and 10 MATHEMATICAL CONNECTIONS In Exercises 53-56, find 


ANSWERS to complete each statement about the equation the height # or the area of the base B of the solid. 
49. a. 5; 10 EES = St 53. $4. 
=) a ena=___andb = ___,, xis a positive integer. 
lh =A’ Wh db is a positive integ te- 
50. a. 100% b. Whena = ___ andb = ____, x is a negative integer. 7 in. 
b. It shows the sum of all the parts is 
100%; Solve it for x, x = 31 50. HOW DO YOU SEE IT? The circle graph shows the 
51. 71; Because 7 of the girls is 6, there percents of different animals sold at a local pet store Volume = 8477 in? Volume = 1323 cm? 
4 in | year. 


are 36 girls. Because = of the boys is 


7 55. 56. 
10, there are 35 boys; 36 + 35 = 7] Hamster: 5% 5m 
52. Sample answer: 5x = 25 + 5; You Rees 
and 4 friends go to a movie. The total oe 
cost of the 5 tickets is $25 and the 7% { 


snacks you and your friends split cost 

ee y y Volume = 157m? Volume = 35 ft? 
an additional $5. How much does 
each person pay?; x = 6; Each person 


57. MAKING AN ARGUMENT In baseball, a player’s 


pays $6. } batting average is calculated by dividing the number 
+8 é of hits by the number of at-bats. The table shows 
Sah 18 = 1 Direr ia ‘ Player A’s batting average and number of at-bats for 
54. =9cm a. What percent is represented by the entire circle? three regular seasons. 
55. B=9rm b. How does the equation 7 + 9 + 5 + 48 + x = 100 ' 
= relate to the circle graph? How can you use this ' [ season Batting average At-bats 
Sa WS 35 equation to find the percent of cats sold? ' 010 an 
57. a. 132 hits a en 2011 gee 
b. no; Dividing bya larger number 51. REASONING One-sixth of the girls and two-sevenths 2012 295 
of at-bats decreases the value of of the boys in a school marching band are in the =e 
the average. percussion section. The percussion section has 6 girls a. How many hits did Player A have in the 2011 
58. 8y +24 and 10 boys. How many students are in the marching regular season? Round your answer to the nearest 
ol band? Explain 
EASES whole number. 


b. Player B had 33 fewer hits in the 2011 season than ! 
Player A but had a greater batting average. Your 
friend concludes that Player B had more at-bats in 
the 2011 season than Player A. Is your friend 


3 15 
59. ee ae ne 
$2. THOUGHT PROVOKING Write a real-life problem 
60. Sm + 15 + 5n that can be modeled by an equation equivalent to the 
61. 8p + 16g + 24 equation 5x = 30. Then solve the equation and write 


62. 300 aaa See in ine STEN bis youn bealslife BIEBISHE Cece Ente 

63. 0.02 

64. 0.47 Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 
65. 298.26 / 


Use the Distributive Property to simplify the expression. (Skil/s Review Hundbaok) 


$8. 8 + 3) 59. (x+i+4) 60. S(m+3 +n) 61. 4(2p + 4q + 6) 
Copy and complete the statement. Round to the nearest hundredth, if necessary. 
(Skills Reviews Handbook) 

5L_ WEL 68mi_ mi 
62, —— = —— 63. ——— = 

min h h sec 


8km _ mi 
min h 
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lf students need help... tf students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B | @ Enrichment and Extension 


Mini-Assessment e Puzzle Time ¢ Cumulative Review 


Student Journal 
e Practice 


Solve the equation. 
1.t+17=3 t=—14 


Start the next Section 
er e. PA rae oe 


Differentiating the Lesson 
Skills Review Handbook 


2.g-2=-5g=-3 


3 15 = 2S §==5 
ee 
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TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
AS.A 

A.10.D 


JUSTIFYING THE 
SOLUTION 


To be proficient in math, 
you need to be sure your 
answers make sense in 
the context of the 
problem. For instance, 

if you find the angle 
measures of a triangle, 
and they have a sum that 
is not equal to 180°, then 
you should check your 
work for mistakes. 


Solving Multi-Step Equations 


Essential Question How can you use multi-step equations to solve 


real-life problems? 


EXPLORATION 1 Solving for the Angle Measures of a Polygon 


Work with a partner. The sum S of the angle measures of a polygon with n sides can 
be found using the formula $ = 180(n — 2). Write and solve an equation to find each 
value of x. Justify the steps in your solution. Then find the angle measures of each 
polygon. How can you check the reasonableness of your answers? 


dad. (179 e. f. (2x + 8)° 


a 


3x + 16)° 
(Cae sis) 


(5x + 10)° (ax — 18)° 


(x + 42)° Gr a7) 
re 


(4x + 15)° 


(2x + 25)° 


EXPLORATION 2 Writing a Multi-Step Equation 


Work with a partner. 


a. Draw an irregular polygon. 


b. Measure the angles of the polygon. Record the measurements on 
a separate sheet of paper. 


c, Choose a value for x. Then, using this value, work backward to assign a 
variable expression to each angle measure, as in Exploration 1. 


d. Trade polygons with your partner. 


e. Solve an equation to find the angle measures of the polygon your partner 
drew, Do your answers seem reasonable? Explain. 


Communicate Your Answer 


3. How can you use multi-step equations to solve real-life problems? 


4. In Exploration 1, you were given the formula for the sum S of the angle measures 
of a polygon with n sides. Explain why this formula works. 


5. The sum of the angle measures of a polygon is 1080°. How many sides does the 
polygon have? Explain how you found your answer. 
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SUPPORTING English Language Learners 


Students work in groups of mixed language abilities to complete Exploration 2. Beginners consult 
with Intermediate and Advanced students to clarify the meaning of the text. Advanced High students 


consult with native speakers, the teacher, or a classroom aide as needed. 


Beginning Complete part (a). 
Intermediate Complete part (b). 
Advanced Complete part (c). 


Advanced High Complete part (e) using the polygon and variable expression created by members 


of the group. 


4.F.6 Use support from peers and teachers to read grade-appropriate content area text. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Lesson Planning Tool 


interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
ay Knowledge and Skills 
A.5.A The student is expected to solve 
linear equations in one variable, including 
those for which the application of the 
distributive property is necessary and 


for which variables are included on both 
sides. 


A.10.D The student is expected to rewrite 
polynomial expressions of degree one and 
degree two in equivalent forms using the 
distributive property. 


ANSWERS 
I. a. (G0, x} = 9a. 30) = 1180; Write 
the equation. 


10x + 60 = 180; Combine like 
terms. 


10x = 120; Subtract 60 from each 
side. 


x = 12; Divide each side by 10. 
42°, 108°, 30° 

b. (& + 10) + @ + 20) + 50 = 180; 
Write the equation. 


2x + 80 = 180; Combine like 
terms. 


2x = 100; Subtract 80 from each 
side. 
x = 50; Divide each side by 2. 
60°, 70°, 50° 

@ Siar (ee ae SIO) se (se se 20) se 
x = 360; Write the equation. 


5x + 100 = 360; Combine like 
terms. 


5x = 260; Subtract 100 from each 
side. 


x = 52; Divide each side by 5. 
SO”, Usa, 128", Se 

Gk (Ge = 7) ap sear (Gear 2) se 
(x + 35) = 360; Write the 


equation. 

4x + 60 = 360; Combine like 
terms. 

4x = 300; Subtract 60 from each 
side. 


x = 75; Divide each side by 4. 
5", WS, I, OF 


le-5. See Additional Answers. 
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Extra Example 1 


Solve —9 = 1.5r + 3. Check your solution. 


r=-8 


Extra Example 2 
Solve 5f + 4f — 8 = 19. Check your 
solution. f = 3 


MONITORING PROGRESS 


ANSWERS 
1. n= 3 
2. c= —20 
3. x= —} 
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What You Will Learn 


& Solve multi-step linear equations using inverse operations. 
p Use multi-step linear equations to solve real-life problems. 


CoreNVocabulary.. Use unit analysis to model real-life problems. 


Previous P ; ; 
inverse operations Solving Multi-Step Linear Equations 


G) Core Concept 


Solving Multi-Step Equations 


To solve a multi-step equation, simplify each side of the equation, if necessary. 
Then use inverse operations to isolate the variable. 


mean 


EXAMPLE 1 Solving a Two-Step Equation 


Solve 2.5x — 13 = 2. Check your solution. 
SOLUTION 


Write the equation. 


Pe 
Undo the subtraction. eS +E Add 13 to each side. 
' : ee a Check 


2.5x= 15 Simplify. 


25% ls =e 
i ae abe MS) oe , 2 i 
| ateD the SIGS era j Ge 55 Divide each side by 2.5. 2.56) = {34 2) 
x= 6 Simplify. et ae 


p> The solution is x = 6. 


EXAMPLE 2 Combining Like Terms to Solve an Equation 


Solve —12 = 9x — 6x + 15. Check your solution. 


SOLUTION 

= 12) = Oe = Gre ap IS Write the equation. 

=| srece 15 Combine like terms. 

( undo the addition. = 15 Subtract 15 from each side. 
= Sr Simplify. Check awe ail 
Undo the multiplication. Divide each side by 3. 12 = 9x — 6h le F 
i eenien iene i } 2 am 
ne. simplify NaS Geo) ae SP 15 


bets ae 
> The solution is x = —9. — pais The. ‘ 
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Solve the equation. Check your solution. 


1 213 —3 2. -21=je-11 3. —2e — 10x 2 ae 


12 Chapter 1 Solving Linear Equations 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


Visual Aids 
To solve an equation, students must perform the same operation on each side of an equation, 


maintaining equivalency from one step to the next until they reach the solution. Use a balance scale 
to model this concept. Explain that the equal sign (=) separates the two sides of the equation, which 
must be kept in balance. Aligning the equal signs vertically on their papers makes it easy for students 
to identify the result of each operation on both sides of an equation as they check their work. 


PONV idea Using Structure to Solve a Multi-Step Equation 


Solve 2(1 — x) + 3 = —8. Check your solution. 


SOLUTION 


Method 1 One way to solve the equation is by using the Distributive Property. 


Bl =) ha 8 
2(1) — 20) +3 = -8 
= Med B= fh 


Sea Ss = 
SS pa 
S18) 
8 
=2 =e 

x=65 


The solution is x = 6.5. 


Write the equation. 
Distributive Property 
Multiply. 

ee 

Combine like terms. 
Subtract 5 from each side. 


Simplify. 


Divide each side by —2. 


simplify. 


Check 
2 =a4+3=—8) 
a= 65) 432-8 
i, -a--3ao 


Method 2 Another way to solve the equation is by interpreting the expression 


1 ~ x asa single quantity. 


ANALYZING All = sp) r= 3 
MATHEMATICAL -3 -3 
RELATIONSHIPS Hee ele 
First solve for the ee ei 
expression 1 — x, and cane a aE 
then solve for x. 

|| eS a5) 

=I =I 
=n = 5,5 
Bk 2205: 

=) =! 

x=65 


Write the equation. 


Subtract 3 from each side. 
Simplify. 

Divide each side by 2. 
Simplify. 

Subtract 1 from each side. 
Simplify. 


Divide each side by —1. 


Simplify. 


> The solution is x = 6.5, which is the same solution obtained in Method 1. 


Monitoring Progress i) Help in English and Spanish at BigideasMath.com 
Solve the equation. Check your solution. 

4. 34+ 1)+6=—9 5. 15 =5+ 42d — 3) 

6. 13 = —2(y — 4) + 3y i PHO= 3) = SS 

8. —4(2m + 5) — 3m = 35 
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CG edhar AG) = 39) let 


Extra Example 3 
Solve 4(n — 6) — 1 = 31. Check your 
solution. n = 14 


MONITORING PROGRESS 


ANSWERS 
4, x=-6 
§. d=2.75 
6. y=5 
qe X= 5 
8. m=—5 
9, x= 1 


Section 1.2 


Extra Example 4 Solving Real-Life Problems 


Use the table to find the high temperature > 4NVigeae Modeling with Mathematics 
x on Wednesday so that the mean high 


Use the table to find the number of miles x ‘ 
temperature for the 5 days is 65°F. you need to bike on Friday so that the mean pmax Miles 

number of miles biked per day is 5. Monday AS 

High Temperature PRCESE | 58 
(°F) Wednesday 0 
Thursday 
SOLUTION ; 
{ Friday x 


1. Understand the Problem You know how 
many miles you biked Monday through 
Thursday. You are asked to find the number 
of miles you need to bike on Friday so that 
the mean number of miles biked per day is 5. 


Tuesday 


Wednesday 


Thursday 


2. Make a Plan Use the definition of mean to write an equation that represents the 
problem. Then solve the equation. 


3. Solve the Problem The mean of a data set is the sum of the data divided by the 
number of data values. 


The high temperature on Wednesday 


needs to be 56°F. eons : Joree Se Write the equation. 

Lee Ss Combine like t 
MONITORING PROGRESS ae oe eae 
ANSWER 144+x 

: 55 = 555 Multiply each side by 5. 

10. 48 lb/in2 5 

144+x= 25 Simplify. 

= ila =] Subtract 14 from each side. 
x=11 Simplify. 


> You need to bike 11 miles on Friday. 


4. Look Back Notice that on the days that you did bike, the values are close to 
the mean. Because you did not bike on Wednesday, you need to bike about 
twice the mean on Friday. Eleven miles is about twice the mean. So, your 
solution is reasonable. 
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10. The formula d = 4n + 26 relates the nozzle pressure m (in pounds per square 
inch) of a fire hose and the maximum horizontal distance the water reaches d 
(in feet), How much pressure is needed to reach a fire 50 feet away? 
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14 Chapter 1 


Using Unit Analysis to Model Real-Life Problems 


REMEMBER When you write an equation to model a real-life problem, you should check that the Extra Example 5 . 
When you add miles to units on each side of the equation balance. For instance, in Example 4, notice how You spent $50 on Supplies for the bake 
i : ; ‘ 
miles, you get miles. the units balance. sale. Each item sold for $2. After the sale, 


But, when you divide — = : F 
miles by days, you miles } _( miles per day } you had a profit of $180. How many items 
get miles per day. - , : 


did you sell? 115 items 


STS Unalog cope 

L 5 day day 
e (as) MONITORING PROGRESS 
Sot “ ANSWER 


11. 36 fiby 12 ft 


EXAMPLE 5 Solving a Real-Life Problem 


Your school’s drama club charges $4 per person for admission to a play. The club 
borrowed $400 to pay for costumes and props. After paying back the loan, the club 
has a profit of $100. How many people attended the play? 


SOLUTION 


1. Understand the Problem You know how much the club charges for admission. 
You also know how much the club borrowed and its profit. You are asked to find 
how many people attended the play. 


2. Make a Plan Use a verbal model to write an equation that represents the problem. 
Then solve the equation. 


3. Solve the Problem 


Ticket | Number of people — Amount 


REMEMBER Words price * who attended of loan 7 Profit 
When you multiply dollars ; 
per person by people, you Variable Let x be the number of people who attended. 
get dollars. 
Equation zs x € — $400 = $100 = @ rh 
person - 
4x — 400 = 100 Write the equation. 
4x — 400 + 400 = 100 + 400 Add 400 to each side. 
4x = 500 Simplify. 
4x _ 500 Fae : 
eae Divide each side by 4. 
x= 125 Simplify. 


> So, 125 people attended the play. 


4. Look Back To check that your solution is reasonable, multiply $4 per person by 
125 people. The result is $500. After paying back the $400 loan, the club has $100, 
which is the profit. 
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11. You have 96 feet of fencing to enclose a rectangular pen for your dog. To provide 
sufficient running space for your dog to exercise, the pen should be three times as 
long as it is wide. Find the dimensions of the pen. 
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Closure 


e Exit Ticket: Solve 8x + 9 — 4x = 25. Check your solution. x = 4 
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1 2 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


| ASSIGNMENT Vocabulary and Core Concept Check 


| Basic: 1-3, 5-25 odd, 35, 37, 41, 47, 1. COMPLETE THE SENTENCE To solve the equation 2x + 3x = 20, first combine 2x and 3x because 
they : 
50, 57-65 Se 
Average: 1, 2-34 even, 35-38, 40, 42, . WRITING Describe two ways to solve the equation 2(4x — 11) = 10. 
47, 50, 57-65 
Advanced: 1.2 6 1Gh ne Monitoring Progress and Modeling with Mathematics 
22-34 even, 35-37, 38-44 even, In Exercises 3-14, solve the equation. Check your 23. —3(33 +x) + 4 — 6) 4 
46-52, 57-65 solution. (See Examples 1 and 2.} 
horeactenregae: 3. 3e+7= 19 4. 2g-13=3 BE) aie 
Basic: 3, 11, 15; Wi. 35 5. I= 12—q Ca 1a USING TOOLS In Exercises 25-28, find the value of the 
: a variable. Then find the angle measures of the polygon. 
Average: 10, 14, 16, 18, 35 hb d= Sao 3 8. Z a= © Use a protractor to check the reasonableness of 
Advanced: 6, 14, 16, DY, 36 your answer. 
abo @=8._ a5 255 26. 
9. aa 2 10. si 12 5k io 
ANSWERS 11. 8y +3y = 44 12. 36 = 13n — 4n 45° ke ga" 2 
1. like terms eum Green A 
alae 13. 12v + 10. + 14 = 80 we eee e 
2. Use the Distributive Property to as measures: 180 
simplify, then solve for x; Solve for iy Geo R= de= =I Sum of angle 
the expression 4x — 11, then solve Ble Eeece ok 
for x. 116 MODELING WITH MATHEMATICS The altitude a 27. 28. 
(in feet) of a plane ¢ minutes after liftoff is given by 
Be ae a = 3400 + 600. How many minutes \ 
4, g=8 after liftoff is the plane 3 pe (b+ 45)° 
= 1 at an altitude of 2 
2 = 2 a 
q 21,000 feet? _aasameaame = (2b ~ 90)" 90° 
6. m= —3 , (x + 10)? 
oa. Sum of angle Sum of angle 
th BS oe 16. MODELING WITH MATHEMATICS A repair bill for measures: 540° measures: 720° 
8. a=6 your car is $553. The parts cost $265. The labor cost 
eae is $48 per hour. Write and solve an equation to find In Exercises 29-34, write and solve an equation to find 
Deas the number of hours of labor spent repairing the car. the number. 
10. d= —16 , ae 
ji, «S28 In Exercises 17-24, solve the equation. Check your 29h The sumvel ywice a number and 13.155. 
12 A =A Sol Hep eect ane 30. The difference of three times a number and 4 is —19. 
, 17. 4(2 +5) =32 18. —2(4g — 3) = 30 
13. ,=3 31. Eight plus the quotient of a number and 3 is —2. 
Me ex 2 IEE Gar Se se Sey CR Sif Atl == ff) = = 5) 
: 22 32. The sum of twice a number and half the number is 10. 
15. 6 min i BPS Be = NG = Do) 
160 553-= 365 (4k 33. Six times the sum of a number and 15 is — 42. 
E cs (Yk, =a = Y= Sip 7h) 
17. 2=3 34. Four times the difference of a number and 7 is 12. 
18. g=-3 ; F : 
: 16 Chapter 1 Solving Linear Equations 
19. m=3 
20. h=—9 
21. ¢=5 
22. y=—-19 ab (Gece 1S) = alee i = = 22 
23 = DD) 34. 4(n — 7) = 12:n = 10 
24. r=—-6 


7B, (eo aoe als, St, aS" 

26. a = 60: 120°, 60°. 120°, 60° 

27. b= 90: 90°. 135°, 90°, 90°. 135° 

2S elo 20s 00 sale O eelsnes 
aor, Wase 

29, 2n + 13 =75,n = 31 

30. 3n —-4=—-19:n = —5 

31. Sas —2:n = —30 


a, Base an =10:n=4 
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USING EQUATIONS In Exercises 35-37, write and solve 
an equation to answer the question. Check that the units 
on each side of the equation balance. (See Examples 4 
and 5.) 


35. During the summer, you work 30 hours per week at 
a gas station and earn $8.75 per hour. You also work 
as a landscaper for $11 per hour and can work as 
many hours as you want. You want to earn a total of 
$400 per week. How many hours must you work as 
a landscaper? 


36. The area of the surface of the swimming pool is 
210 square feet. What is the length d of the deep 
end (in feet}? 


shallow 
end 


37. You order two tacos and a salad. The salad costs 
$2.50. You pay 8% sales tax and leave a $3 tip. You 
pay a total of $13.80. How much does one taco cost? 


JUSTIFYING STEPS In Exercises 38 and 39, justify each 
step of the solution. 


38. H(Sx = 1s) = — 6 Write the equation. 


—H9x = 8) =7 Ee’ 

5x-8 = -14 =__=s 

5x = 6 ned 

x= -2 ee 

39. 2~a4+3)+x=-9 Write the equation. 
2x) + 23) +x = -9 a 

2 tO tae ta) © a... * 

3x +6 = —-9 ee 

3x= 15 Semaine 

oS: = 


ERROR ANALYSIS In Exercises 40 and 41, describe and 
correct the error in solving the equation. 


40. 
x -2(7-y)+4=-4 


—14-2y+4=-4 


-10-2y=-4 
—2y=6 
Vee 
wee 
41. 4 
x —(x-2)+4=12 
4 
fl 
nha e 
x-2=2 
x=4 


MATHEMATICAL CONNECTIONS In Exercises 42-44, 
write and solve an equation to answer the question. 


42. The perimeter of the tennis court is 228 feet. What are 
the dimensions of the court? 


43. The perimeter of the Norwegian flag is 190 inches. 
What are the dimensions of the flag? 


44. The perimeter of the school crossing sign Is 
102 inches. What is the length of each side? 


—— 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
35. 30(8.75) + 11¢ = 400; 12.5h 


36. 10d + 10(9) = 210; 12 ft 
37. 1.08(2t + 2.50) + 3 = 13.80; $3.75 


38. Add 1 to each side; Multiply each 
side by --2; Add 8 to each side; 
Divide each side by 5. 

39. Distributive Property; Simplify; 
Combine like terms; Subtract 6 from 
each side; Divide each side by 3. 


40. When using the Distributive Property 
in the second step, the second term 
should be positive; 

—14+ 2y+4= —4; 
—10+ 2y = —4,2y=6,;y =3 

41. In the third step, the right side should 
eR AS AL nei ae ake se — De Se 
x = 34 

42. 2(2w + 6) + 2w = 228, w = 36; 

78 ft by 36 ft 

43. 2y + 2-+ty = 190, y = 40; 55 in. by 
40 in. 

AVN. (Se ()) ae (G ae @)) ae & Ge Dy SP 
s = 102; 5 = 15; 21 in., 21 in., 15 in., 
30 in., 15 in. 
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ANSWERS 
A. x= = Sample answer: method 1; 


There are no fractions until the last 
step. 

46. 6 tickets 

47. no; Solving the equation 
0.25(d + 8) + 0.10d = 2.80 results 
in the number of dimes not being a 
whole number. 


48. See Additional Answers. 


49. 16, 18, 20; The next consecutive even 
integers after 2n are 2n + 2 and 2n + 
4. Solve the equation 2n + (2n + 2) 
+ (2n + 4) = 54. Then substitute the 
solution into the expressions for the 
integers. 
50. a. greater than 20; The attendance 
at the second meeting is only 
1 above 20, and the attendance 
at the other two ts more than | 
below 20, so the attendance at the 
fourth meeting must be greater 
than 20 to have a mean of 20. 
b. Sample answer: 24 
Find the mean of the four 
numbers. 


51-65. See Additional Answers. 


Mini-Assessment 


Solve each equation. 

. od 4— 12 0 = —1.6 
. -2n+9N-8=27 n=5 
SS = 52 = Xe 2x6 


. Use the table to find the grade g 
you need on Quiz 4 so that your 
quiz grade average is 90. 


You need a grade of 94. 


. Ateam pays $50 to reserve a 
banquet table. The players on the 
team pay $9 per person. The team 
spends a total of $104. How many 
players sit at the team table? Six 
players sit at the team table. 
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45. 


46. 


47. 


48. 


COMPARING METHODS Solve the equation 
2(4 — 8x) + 6 = ~—1 using (a) Method 1 from 
Example 3 and (b) Method 2 from Example 3. 
Which method do you prefer? Explain. 


PROBLEM SOLVING An online ticket agency charges 
the amounts shown for basketball tickets. The total 
cost for an order is $220.70. How many tickets 

are purchased? 


Amount 
$32.50 per ticket 
$3.30 per ticket 
$5.90 per order 


| Charge 


| Ticket price 


Convenience charge 


Processing charge 


MAKING AN ARGUMENT You have quarters and 
dimes that total $2.80. Your friend says it is possible 
that the number of quarters is 8 more than the number 
of dimes. Is your friend correct? Explain. 


THOUGHT PROVOKING You teach a math class and 
assign a weight to each component of the class. You 
determine final grades by totaling the products of the 
weights and the component scores. Choose values for 
the remaining weights and find the necessary score on 
the final exam for a student to earn an A (90%) in the 
class, if possible. Explain your reasoning. 


; Component . 


if te | 7 | 
RN Weight | Score x Weight | 
score | 


Class 
Participation 


92% X 0.20 


us = 18.4% 


0.20 


—— — 


Homework 


Midterm 
i Exam 


Final Exam 


Total | | 


18 


49. 


50. 


REASONING An even integer can be represented by 
the expression 2, where n is any integer. Find three 
consecutive even integers that have a sum of 54. 
Explain your reasoning. 


HOW DO YOU 5EE IT? The scatter plot shows the 
attendance for each meeting of a gaming club. 


Gaming Club Attendance 


Students 
a 


Meeting 


a. The mean attendance for the first four meetings 
is 20. Is the number of students who attended 
the fourth meeting greater than or less than 20? 
Explain. 


b. Estimate the number of students who attended 
the fourth meeting. 


c. Describe a way you can check your estimate in 
part (b). 


REASONING In Exercises 51-56, the letters a, b, and c 
represent nonzero constants. Solve the equation for x. 


51. 


ale 


56. 


bx = —-7 


- ae = 1255 


axtb=c 


2bx — bx = -8 


cx — 4b = 5b 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Simplify the expression. 


57. 4m +5 —3m 


(Skills Review Handbook) 


Determine whether (a) x = —1 or (b) x = 2 is a solution of the equation. 


soar py = 3) 


Gi, Lae = =e 61, 


63. 3444-1 
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58. 9 — 8b + 6b 


64. x+4= 3x 


Sorat 3 fs 


(Skills Review Handbook) 
62. 2x-—1=3 


GE, =2iGe = ID) = Il = see 


If students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


If students got it... 


Resources by Chapter 
© Enrichment and Extension 
¢ Cumulative Review 


Student Journal 
© Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


1.1-1.2 What Did You Learn? 


Core Vocabulary 


conjecture, p. 3 linear equation in one variable, p. 4 
tule, p. 3 solution, p. 4 

theorem, p. 3 inverse operations, p. 4 

equation, p. 4 equivalent equations, p. 4 


be 


Core Concepts 


Section 1.1 

Addition Property of Equality, p. 4 Division Property of Equality, p. 5 
Subtraction Property of Equality, p. 4 Four-Step Approach to Problem Solving, p. 6 
Multiplication Property of Equality, p. 5 Common Problem-Solving Strategies, p. 7 
Section 1.2 

Solving Multi-Step Equations, p. /2 Unit Analysis, p. 15 


Mathematical Thinking 


1. How did you make sense of the relationships between the quantities in Exercise 46 on page 9? 


2. What is the limitation of the tool you used in Exercises 25-28 on page 16? 


prccccccrcle: Study Skills ------------------ 
Completing Homework 
Efficiently _ 


Before doing homework, review the core concepts and examples. 
Use the tutorials at BigideasMath.com for additional help. 


Complete homework as though you are also preparing for 
a quiz. Memorize different types of problems, vocabulary, rules, 
and so on. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


J. Sample answer: Let A represent the 
area of a single rectangle. Because 
each rectangle has the same area, and 
the area of the square is half the area 
of a rectangle, use the expression 
4A + 5A to represent the total area. 


2. Sample answer: A limitation of a 
protractor is centering it exactly on 
each vertex point. 
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ANSWERS. 1.1-1.2 Quiz 


1. x = —2; Subtract 9 from each side. 


2. z= 12.4; Add 3.8 to each side. 
ae ; j Solve the equation. Justify each step. Check your solution. (Section J./) 
ah P= =s8 lDinncls xen Sale ly — 2, 
’ : 1. x+9=7 2. o.0l— aes 
4. p = 24; Multiply each side by *. , ‘ 
3. 60 = -12r 4, -p=18 

5. B=4rfv u 

. fa= Bina Find the height # or the area of the base B of the solid. (Section 1.1) 

7, m=8 =H Cy 6. 

8 v= 

ee 6 ft 

os WS 5 
10. a= —0.6 3 Volume = 48 m? 
Volume = 247 ft S 
ieee 3 
22. x=14 Solve the equation. Check your solution. (Section J.2) 
. = 
13. 2= 7% 10sec 7. 2m—-—3= 13 8 S=10-yv 
14. 55; Sample answer: There are 100 9. 5= Tw t+ 8w+2 10. —2la + 28a — 6 = —10.2 
marbles and 5 of them are blue. Vile Be = He — 3) = 45 ke 6 = (20x =r SO) se 


See lols wale ay eerepresentine 


13. To estimate how many miles you are from a thunderstorm, count the seconds between 


first odd integer. The next consecutive when you see lightning and when you hear thunder. Then divide by 5. Write and solve an 
odd integers are 2x + 3 and 2x + 5. equation to determine how many seconds you would count for a thunderstorm that is 
Solve the equation (2x + 1) + 2 miles away. (Section J.1) 
(2x 3) cf (2x + 5) m 45. Then 14, A jar contains red, white, and blue marbles. One-fifth of the marbles are red and 
substitute the solution into the one-fourth of the marbles are white. There are 20 red marbles in the jar. How many 
expressions for the integers. blue marbles are in the jar? Explain. (Section 1.1) 

16. 0.10s = 250; $2500 15. Find three consecutive odd integers that have a sum of 45. Explain your reasoning. 


(Section 1.2) 
17. 12 + 2x = 15; 1 ft 
16. ‘You work as a salesperson for a marketing company. The position pays $300 per week 
plus 10% of your total weekly sales. You normally earn $550 each week. Write and solve 
an equation to determine how much your total weekly sales are normally. (Section 1.2) 


17. You want to hang three equally-sized travel posters on a wall so that the posters on the ends 
are each 3 feet from the end of the wall. You want the spacing between posters to be equal. 
Write and solve an equation to determine how much space you should leave between the 
posters. (Section 1.2) 


I 15 ft ( 
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TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A5.A 

A.10.D 


ANALYZING 
MATHEMATICAL 
RELATIONSHIPS 


To be proficient in math, 
you need to visualize 
complex things, such as 
composite figures, as 
being made up of simpler, 
more manageable parts. 


Solving Equations with 


Variables on Both Sides 


Essential Question How can you solve an equation that has 


variables on both sides? 


EXPLORATION 1 Mmcutntntet? 


Work with a partner. The two polygons have the same perimeter. Use this 
information to write and solve an equation involving x. Explain the process you 
used to find the solution. Then find the perimeter of each polygon. 


3y 
2 


FS Cike Nie Perimeter and Area 


Work with a partner. 


e Each figure has the unusual property that the value of its perimeter (in feet) is equal 
to the value of its area (in square feet). Use this information to write an equation for 
each figure. 


e@ Solve each equation for x. Explain the process you used to find the solution. 


e Find the perimeter and area of each figure. 


a. b. & 
5 5) 
4 1 2 6 
\ 
vi i 
La CI 
x 


Communicate Your Anewer 


3. How can you solve an equation that has variables on both sides? 


4. Write three equations that have the variable x on both sides. The equations should 
be different from those you wrote in Explorations | and 2. Have your partner 
solve the equations. 


Section 1.3 Solving Equations with Variables on Both Sides 21 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 

Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.5.A The student is expected to solve 
linear equations in one variable, including 
those for which the application of the 


distributive property is necessary and for 
which variables are included on both sides. 


A.10.D The student is expected to rewrite 
polynomial expressions of degree one and 
degree two in equivalent forms using the 
distributive property. 


ANSWERS 

1. 2x + 14 = 3x + 10; x = 4; Add the 
side lengths of each figure to get the 
perimeters and set them equal to each 
other; P = 22 

2, a x+18=4*4+ Sux = 4; Add the 

side lengths to get the perimeter. 
Add the area of the triangle to the 
area of the rectangle to get the 
total area. Then set the perimeter 
equal to the area; P = 22 ft, 
A = 22 ft? 
lt, Dye ak ial = (ore — Be ge = Ale 
Add the side lengths to get the 
perimeter. Subtract the area of the 
small rectangle from the area of 
the large rectangle to get the total 
area. Then set the perimeter equal 
to the area; P = 22 ft, A = 22 ft? 
©, Papar Seesr ah = Waar aoe 
x = 2; Add the circumference of 
the semicircle to the remaining 
3 side lengths to find the 
perimeter. Add the area of the 
semicircle to the area of the 
rectangle to find the total area. 
Then set the perimeter equal to 
the area; P = 27 + 8 ft, 
A=2r+ 8 ft? 

3. Collect the variable terms on one side 
of the equation and the constant terms 
on the other side of the equation, then 
solve. 

4. Sample answer: 5x — 7 = 2x +5, 
Spee esi be eae 
Tse = Gear 4 xe Sa 
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Extra Example 1 


Solve 59 = 24 — 3p. Check your solution. 


p=3 
Extra Example 2 


Solve 2(3n — 4) = 3(12 — 2n). n=2 


MONITORING PROGRESS 


ANSWERS 
iL, = =2 
2 h=3 
3. n=0 


22 Chapter 1 


What You Will Learn 


Pm Solve linear equations that have variables on both sides. 


> Identify special solutions of linear equations. 
Core Vocabulary. p> Use linear equations to solve real-life problems. 
identity, p. 23 
Previous Solving Equations with Variables on Both Sides 


inverse operations 


G Core Concept 


Solving Equations with Variables on Both Sides 

To solve an equation with variables on both sides, simplify one or both sides of the 
equation, if necessary. Then use inverse operations to collect the variable terms on 
one side, collect the constant terms on the other side, and isolate the variable. 


EXAMPLE 1 Solving an Equation with Variables on Both Sides 


Solve 10 — 4x = —9x, Check your solution. 


SOLUTION 
10-—4x = —9x Write the equation. 
+4 +4 Add 4x to each side. ony - 
auees BE aoe — Cheek ; wil 
k= Sh: Simplify. [ ae toe 4e= 9 
10 _=5x ——pivide each side by 5. ener 
Se sea Divide each side by —5. ’ os 4(—2) =i oe i 
+ 1a su wag 
—2=x simplify Je ia 
plify. wes ai ai a . 


P Thesolutionis x = —2. 


“EXAMPLE 2 Solving an Equation with Grouping Symbols 
Solve 3G aye 12x + 56). 
SOLUTION 


gen OS 42x + 56) Write the equation. 


9x—12= 8x4 14 Distributive Property 


ap 2 ae 12 Add 12 to each side. 
9x= 8x + 26 Simplify. 
=P = abe Subtract 8x from each side. 
x= 26 Simplify. 


> The solution is x = 26. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
Solve the equation. Check your solution. 


1 -2e=3x+10 2. 56h-4)=-Sh4+1 3, —H(8n + 12) = 30-3) 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


Differentiated Instruction 


| Visual 


| Give students an equation with variables on both sides. Have students highlight any term that 


| includes a variable. Have students draw a vertical line through the equal sign. Explain how they can 
_ use inverse operations to collect all the highlighted terms on one side of the line. Then, show how 
| they can combine those terms to simplify the equation and find the solution. 


aan : : : 3 
entifying Special Solutions of Linear Equations Extra Example 3 


@ Core Concept Solve each equation. 
Special Solutions of Linear Equations a. 4(3d — 1) = 12d 
Equations do not always have one solution. An equation that is true for all values The statement —4 = 0 js never true. 


of the variable is an identity and has infinitely many solutions. An equation that 


is not true for any value of the variable has no solution. 50, the equation has no solution. 


b. 21 — Jw =78 -—w) 
The statement 21 = 21 is always true. 


FS 7NViTESEB identifying the Number of Solutions So, the equation is an identity and has 
infinitely many solutions. 


REASONING Solve each equation. 
The equation 15x +6=1Sx =a. 3(Sx + 2) = I5x ls SAGby se I) = Soy = 2 
is not true because the MONITORING PROGRESS 
number 18x cannot be SOLUTION ANSWERS 
equal to 6 more than itself. a. 3(5x+2)= 15x Write the equation. Terres : 
Isx+6= 15x Distributive Property pM ON eB oe NS Ds 
= IS = lb Subtract 15x from each side. 5. no ee 
6=0 XxX Simplify. Oa 


7. infinitely many solutions 
> The statement 6 = 0 is never true. So, the equation has no solution. 


b. —2(4y + 1) = —8y — 2 Write the equation. 
Shp SE Distributive Property 
READING + 8y + 8y Add 8y to each side. 
All real numbers are es) simplify. 


solutions of an identity. 


> The statement —2 = —2 is always true. So, the equation is an identity and has 
infinitely many solutions. 
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Solve the equation. 


4. 4. —p)=—-4p + 4 S. 6m — m = 2(6m — 10) 
ClO 3 — 10k Ue Na — 2) = Gia = 33) 
Concept Summary 


Steps for Solving Linear Equations 

Here are several steps you can use to solve a linear equation. Depending on the 
equation, you may not need to use some steps. 

Step 1 Use the Distributive Property to remove any grouping symbols. 

Step 2 Simplify the expression on each side of the equation. 


STUDY TIP 


Step 3 Collect the variable terms on one side of the equation and the constant 
terms on the other side. 


To check an identity, you 
can choose several different 
values of the variable. 


Step 4 Isolate the variable. 
Step S 


Check your solution. 
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| SUPPORTING English Language Learners 


Have students use the steps in the Concept Summary to solve a linear equation. Explain that they have 
already learned the Distributive Property, which is used in Step 1. Review the property if needed. 


| Beginning/Advanced Work as partners to write out the solution to the problem, showing each 
stage of work. Once complete, Beginning students label the problem with each step number to show 
their understanding of the process. 
Intermediate/Advanced High Work as partners. Intermediate students write out the problem 
and number its steps. Advanced High students explain the process by summarizing. 


1.A.1 Use prior knowledge to understand meanings in English. 
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Extra Example 4 

Paul bikes for 3 hours to reach his favorite 
beach. He bikes 2 miles per hour faster on 
the way back. So the trip back takes only 
2.5 hours. How fast did he bike going to 
the beach? 

10 miles per hour 


MONITORING PROGRESS 


ANSWER 
8. 17.5 mi 
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Solving Real-Life Problems 


PN Viigeae-ie Modeling with Mathematics 


24 Chapter 1 


- Closure 


A boat leaves New Orleans and travels upstream on the Mississippi River for 4 hours. 
The return trip takes only 2.8 hours because the boat travels 3 miles per hour faster 
downstream due to the current. How far does the boat travel upstream? 


SOLUTION 


1. Understand the Problem You are given the amounts of time the boat travels and 
the difference in speeds for each direction. You are asked to find the distance the 
boat travels upstream. 

2, Make a Plan Use the Distance Formula to write expressions that represent the 
problem. Because the distance the boat travels in both directions is the same, you 
can use the expressions to write an equation. 

3. Solve the Problem Use the formula (distance) = (rate)(time). 


Words Distance upstream = Distance downstream 


Variable Let x be the speed (in miles per hour) of the boat traveling upstream. 


: x mi _ eae imi eS eee 
Equation Lit 4 74 2.8K (mi = mi) WA 
4x = 2.8(x 4+ 3) Write the equation. 
4x= 28x +84 Distributive Property 


Sees Parone Subtract 2.8x from each side. 
1.2x = 8.4 Simplify. 
1.2x _ 8.4 om 
12 Divide each side by 1.2. 
x=7 Simplify. 


> So, the boat travels 7 miles per hour upstream. To determine how far the boat 
travels upstream, multiply 7 miles per hour by 4 hours to obtain 28 miles. 


4. Look Back To check that your solution is reasonable, use the formula for 
distance. Because the speed upstream is 7 miles per hour, the speed downstream 
is 7 + 3 = 10 miles per hour. When you substitute each speed into the Distance 
Formula, you get the same distance for upstream and downstream. 


Upstream 
7 mi 
1K 
Downstream 


10 mi 
0:4 


Distance = ° 4 = 28 mi 


° 2.8. = 28 mi 


Distance = 
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8. A boat travels upstream on the Mississippi River for 3.5 hours. The return trip 
only takes 2.5 hours because the boat travels 2 miles per hour faster downstream 
due to the current. How far does the boat travel upstream? 


Solving Linear Equations 


e | Used to Think ... But Now | Know: Take time for students to reflect on their current 
understanding of solving equations. 


e Exit Ticket: Solve 6 — 2x = 4x —9. x =2.5 


a | : 3 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


ASSIGNMENT 
1. VOCABULARY Is the equation —2(4 — x) = 2x + 8 an identity? Explain your reasoning. Basic: 1-2, 3-13 odd, 17-25 odd, 34, 
38, 41-44 
2. WRITING Describe the steps in solving the linear equation 3(3x — 8) = 4x + 6. 
Average: 1, 2-32 even, 33, 34, 38, 
a a E . : 41-44 
Monitoring Progress and Modeling with Mathematics 
Advanced: 1-2, 10, 14-32 even, 
In Exercises 3-16, solve the equation. Check your In Exercises 19-24, solve the equation. Determine 33-44 
solution. (See Examples I and 2.) whether the equation has one solution, no solution, or 
[One ee Wee Sa oe infinitely many solutions. (See Example 3.) HOMEWORK CHECK 
19. 3:+4=12+34 20. 6d+8= 14+ 3d Basic: 5, 11, 19, 23, 34 


Spo = 2p ile 6. 8¢+ 10 = 35 + 3g 
21. 2h+1)=5h-7 Average: 8, We, 18, 22, 23 


2, Sob 16 = 6 = Sf Advanced: 10, 16, 18, 24, 33 


22. 12y+6=6Qy + 1) 
@ =2par l= isp = B 

23. 3(4g + 6) = 2(6g¢ + 9) 
Sy Yap Sky = Ire = year Jl 


ANSWERS 


10. w—2+ 2w=6 + 5w 1. no; Solving the equation gives a 
statement that is never true, not one 


24, 5(1 + 2m) = 5(8 + 20m) 


11. 10(g + 5) = 2g + 9) ERROR ANALYSIS In Exercises 25 and 26, describe and 5 
correct the error in solving the equation. that 1s always true. 
12, —9(¢— 2) = 4(¢ — 15) 2s. 2. Use the Distributive Property to get 
13. 23x + 9) = —2(2x + 6) x 5c¢-6=4-—3¢ She 24 = 4x + 6. Subtract 4x from 
CP RET each side to get Sx — 24 = 6, Add 24 
14, 221 + 4) = 3(24 — 81) one to each side to get 5x = 30. Divide 
each side by 5 to get x = 6. 
15. 10(2y + 2) — y = 2(8y — 8) pies IS 
és o 3, x= 3 
16. 2(4x + 2) = 4x — 12(n-1) Em a, 
17. MODELING WITH MATHEMATICS You and your x G(2y + 6) = 4(9 + Sy) p= 7 
friend drive toward each other. The equation 12y+ 36=36+12y @ e=s 
50h = 190 — 45h represents the number h of hours 
until you and your friend meet. When will you meet? lay=12y 7 = — | 
Cae 8 r=1 
18. MODELING WITH MATHEMATICS The equation ihe Squat ianihaa Horenlaclag ; 
1.5r + 15 = 2.25r represents the number r of movies . 4 : o. = 5 
you must rent to spend the same amount at each i, «eS =! 
movie store. How many movies must you rent to 27. MODELING WITH MATHEMATICS Write and solve an 
spend the same amount at each movie store? equation to find the month when you would pay the Dee tet 
sate same total amount for each Internet service. = 
>>??? 12. t 6 
VIDEO 5 Installation fee | Price per month ; be pea 3 
a) ‘4 = 
. CmTy (ee A $60.00 $42.95 14. t= 
Membership Fee: $15 Membership Fee: Free Company B $25.00 $49.95 _ 1S. yl 
16. x=4 
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18. 20 movies 
19. no solution 


20. d= 2; one solution 

21. h = 3; one solution 

22. infinitely many solutions 

23. infinitely many solutions 

24. no solution 

25. In the second step, you should add 3c 
to each side; 
8c — 6 = 4, 8c = 10.¢ =? 

26. 0 = Ois always true, so it is an 
identity; The equation has infinitely 
many solutions. 

27. 60 + 42.95x = 25 + 49.95x; 
Sth month 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library _ 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
28. 50g 


In), PS Hz 
30. r= 23 


31. x = 10; S = 62.5acm? or about 
196.35 cm2, V = 62.57 cm? or about 
196.35 cm? 

32. x = 4.3; S = 60.387 ft2 or about 
189.9 ft?; V = 60.477 ft? or about 
189.97 ft3 


Soumaasee 


34. no; The cheetah would have to 
maintain top speed for about 
21.7 seconds, which is greater than 


20 seconds. 
35. a=5; Both sides simplify to 
ke sr Si. 
36. a= 4; Both sides simplify to 20x — 8. 
Syl Wl, We 
38. a. after 6 years 
b. The left side shows the Spanish 
enrollment after x years, and 
the right side shows the French 
enrollment after x years; Solving 
the equation will indicate after 
how many years the enrollments 
will be equal. 
39. a. Sample answer: 3x + 12 


= 2x + x; simplifies to a 
statement that is never true 

b. Sample answer: 5x + 3 
= 2x + 3 + 3x; simplifies toa 
statement that is always true 


40-44. See Additional Answers. 


Mini-Assessment 


Solve each equation. 
. 8a + 96 = —24a a = —3 
. (106 + 60) = —4(b — 12) b = 
. 3(2m + 4) = 2(3m + 6) infinitely 
many solutions 
. 4y = —2(6 — 2y) no solution 
5. Mary drove 4 hours to reach her 
camping spot. Driving home, she 
increased her speed by 15 miles per 
hour, reducing her travel time by 
1 hour. How fast did she drive going 


to the camping spot? 45 miles 
per hour 
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28. PROBLEM SOLVING One serving of granola provides 
4% of the protein you need daily. You must get the 
remaining 48 grams of protein from other sources. 
How many grams of protein do you need daily? 


USING STRUCTURE In Exercises 29 and 30, find the value 
of r. 


Zi), wiGe se 6) — Ise eS ibe sp 1B) sp Ske 


30. 4(x — 3) —r +2 


alex = Th) — Ske 


MATHEMATICAL CONNECTIONS In Exercises 31 and 32, 
the value of the surface area of the cylinder is equal to 
the value of the volume of the cylinder. Find the value of 
x. Then find the surface area and volume of the cylinder. 


31. 2.5cm 32. 


33. MODELING WITH MATHEMATICS A cheetah that 
is running 90 feet per second is 120 feet behind an 
antelope that is running 60 feet per second. How 
long will it take the cheetah to catch up to the 
antelope? (See Example 4.) 


34. MAKING AN ARGUMENT A cheetah can run at top 
speed for only about 20 seconds. If an antelope is 
too far away for a cheetah to catch it in 20 seconds, 
the antelope is probably safe. Your friend claims the 
antelope in Exercise 33 will not be safe if the cheetah 
starts running 650 feet behind it. Is your friend 
correct? Explain. 


REASONING In Exercises 35 and 36, for what value of a 
is the equation an identity? Explain your reasoning. 


35. a(2x+3)=9x4+ 15 +x 


36. 8x—8 + 3ax = Sax — 2a 


Order the values from least to greatest. 


Al. 9, 


Ae}, = i116), =24|, =18, 
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Solving Linear Equations 


If students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 
(Skills Review Hundbook) 
=a al, 5, | 2 42. 


—18], [22 44, 


37. REASONING Two times the greater of two 
consecutive integers is 9 less than three times the 
lesser integer. What are the integers? 


38. HOW DO YOU SEE IT? The table and the graph show 
information about students enrolled in Spanish and 
French classes at a high school. 


| Students enrolled Average rate 


eee . this year of change 
Spanish AGS 9 fewer students 
= each year 
French 229 12 more students 
each year 


Predicted Language 
Class Enrollment 


‘Spa nish} 


Students enrolled 
NS 
vw 
oO 


> fF 
12345678 910x 
Years from now 


a, Use the graph to determine after how many years 
there will be equal enrollment in Spanish and 
French classes. 


b. How does the equation 355 — 9x = 229 + 12x 
relate to the table and the graph? How can you 
use this equation to determine whether your 
answer in part (a) is reasonable? 


39. WRITING EQUATIONS Give an example of a linear 
equation that has (a) no solution and (b) infinitely 
many solutions. Justify your answers. 


40. THOUGHT PROVOKING Draw 
a different figure that has 
the same perimeter as the 
triangle shown. Explain 
why your figure has the 
same perimeter. 


ear) 


| =22 |, 22, — ile, +21 


~10| 


’ 


|—3], 0]. 1, [2], -2 


If students got it... 


Resources by Chapter 


e Enrichment and Extension 
e Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


2x +1 
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Rewriting Equations and Formulas 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Essential Question How can you use a formula for one 


TEXAS ESSENTIAL measurement to write a formula for a different measurement? 


KNOWLEDGE AND SKILLS 
Sake INGORE Using an Area Formula 


Work with a partner. 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


A.12.E 


Dynamic Classroom with Dynamic investigations 


Texas Essential 

Knowledge and Skills 
A.12.E The student is expected to solve 
mathematic and scientific formulas, and 


other literal equations, for a specified 
variable. 


a. Write a formula for the areaA of os 
a parallelogram. 


b. Substitute the given values into the 
formula. Then solve the equation 
for b. Justify each step. 


REASONING 


To be proficient in math, 
you need to consider the c. Solve the formula in part (a) for b without first substituting values into the formula. 
given units. For instance, Justify each step. 

in Exploration 1, the 


area A is given in square d. Compare how you solved the equations in parts (b) and (c). How are the processes 
inches and the height h similar? How are they different? ANSWERS 
is given in inches. A unit 1. a. A=bDh 


analysis shows that the 
units for the base b are EXPLORATION 2. Using Area, Circumference, and 
also inches, which Volume Formulas 


makes sense. 


b. 30 = b+ 5; Write the equation. 
6 = b; Divide each side by 5. 
c. A = bh, Write the formula. 
© = b; Divide each side by h. 
h 
d. applied the same steps to 
solve; used variables instead of 


Work with a partner. Write the indicated formula for each figure. Then write a new 
formula by solving for the variable whose value is not given. Use the new formula to 
find the value of the variable. 


a. Area A ofa trapezoid b. Circumference C of a circle 


b,=8cm C= 247m ft 


constants 
2 a. A= sh (by + by) 
. Bk eee 
by = 10cm ODay, h=7Tcem 
ve 
— o = — = 19 
¢. Volume V of a rectangular prism d. Volume V of a cone b. C= 2ar,r aa r= 12ft 
V = 75 yd? VS Dee e V=Bh,h = =:h=5 yd 
I 3V 
B= 127m? d. eS es 


3. Solve the formula for a different 


variable; Sample answer: 


(volume of a cylinder) V = arh; 

. _ 

Communicate Your Answer —— 

3. How can you use a formula for one measurement to write a formula for a 
different measurement? Give an example that is different from those given 
in Explorations | and 2. 


For a section overview and insights 
into this Exploration page, see 


- ; Laurie’s Notes at BigideasMath.com. 
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SUPPORTING English Language Learners 


| Have students of mixed language abilities work in groups to complete Exploration 2. Point out that 
it provides visuals to help guide the work. ) 


Beginning Draw each figure and write its name: trapezoid, circle, rectangular prism, cone. 
Intermediate Write the indicated formula for each figure, using the labels provided as a guide. 
Advanced Work with the group to write a new formula for each figure by solving for the variable 
whose value is not given. 

Advanced High Work with the group to find the value of each variable. Explain how the new 
formula is used to do this. 


4.F.1 Use visual and contextual support to read grade-appropriate content area text. 
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Extra Example 1 
Solve the literal equation 4x — 5y = 10 


fory. y= 2 


Extra Example 2 
Solve the literal equation 
3w + 4wp = a for w. 


Core Vocabulary. 


literal equation, p. 28 
formula, p. 29 


Previous 
surface area 


What You Will Learn 


Pm Rewrite literal equations. 
ph Rewrite and use formulas for area. 
pm Rewrite and use other common formulas. 


Rewriting Literal Equations 


An equation that has two or more variables is called a literal equation. To rewrite a 
literal equation, solve for one variable in terms of the other variable(s). 


SS ¢NV0aR Rewriting a Literal Equation 


Solve the literal equation 3y + 4x = 9 for y. 


SOLUTION 
3y + 4x = 9 Write the equation. 
Shy ar abe = abe @) = abe Subtract 4x from each side. 
3y = 9 — 4x Simplify. : 
ee ee Divide each side by 3. 
3 3) 
vee fx Simplify. 


p> The rewritten literal equation is y = 3 — fe. 


“EXAMPLE 2 Rewriting a Litera! Equation 


Solve the literal equation y = 3x + 5xz for x. 


SOLUTION 
y = 3x + Sxz Write the equation. 
y = x(3 + 5z) Distributive Property 
‘ 
y x3 + 5z) Fi : 
= + 52. 
34 52 aE Se Divide each side by 3 + 5z 
Vos Re 
345 35 Simplify. 
Th itten literal equation is x = —*—., 
> € rewritten literal equation is x = 5— 33 


In Example 2, you must assume that z # -2 in order to divide by 3 + 5z. In general, if 
you have to divide by a variable or variable expression when solving a literal equation, 
you should assume that the variable or variable expression does not equal 0. 
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Solve the literal equation for y. 


1. 3y-x=9 2. 2x —2y=5 3. 20 = 8x + 4y 


Solve the literal equation for x. 


4 y=5x- 4x 5. 2a tk=m G, gar Su — ke = ip 


Solving Linear Equations 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 


Some students may have difficulty keeping track of the designated variable as they rewrite literal 
equations. Have students circle each term with the variable for which they are solving. Remind them 
that they have solved the literal equation when that variable is alone on one side of the equation. 


ie 3 ap Ele 
MONITORING PROGRESS 
ANSWERS 
lo y=3+ ax 
A Y= R= : 
Sh PSS = Be 
40 = y 
m 
2 Map ik 
a2 
6. x ae 
REMEMBER 
| Division by 0 is undefined. 
28 Chapter 1 
at BigldeasMath.com. 
Differentiated Instruction 
| Inclusion 
28 Chapter 1 


—_—-——_— ee” 


ee t—S 


+}— = —4 


500 ft 


Rewriting and Using Formulas for Area 


A formula shows how one variable is related to one or more other variables. 
A formula is a type of literal equation. 


EXAMPLE 3 Rewriting a Formula for Surface Area 


The formula for the surface area S of a rectangular prism is S = 22w + 2£h + 2wh. 
Solve the formula for the length @. 


SOLUTION 
S=2lw+2£h + 2wh 
=z 
S—2wh = 2w+ 20h + 2wh — 2wh 


Write the equation. 

Subtract 2wh from each side. 
S — 2wh = 2éw + 20h Simplify. 

S — 2wh = 0(2w + 2h) 


S—2wh _ €(2w + 2h) 
2w + 2h 2w + 2h 


Distributive Property 


Divide each side by 2w + 2h. 


S — 2wh na: 
= Simplify. 
enon neh 
F _ 8 = Awe 
> When you solve the formula for £, you obtain @ = awk OR 


> eNVdae-e §=6Using a Formula for Area 


You own a rectangular lot that is 500 feet deep. It has an area of 100,000 square feet. 
To pay for a new water system, you are assessed $5.50 per foot of lot frontage. 


a. Find the frontage of your lot. 


b. How much are you assessed for the new water system? 


SOLUTION 
a. In the formula for the area of a rectangle, let the width w represent the lot frontage. 
A=éw Write the formula for area of a rectangle. 
4 =w Divide each side by to solve for w. 
oo =w Substitute 100,000 for A and 500 for /. 
200 = w Simplify. 


p> The frontage of your lot is 200 feet. 


$5.50 
1 fc 


b. Each foot of frontage costs $5.50, and + 200 ft = $1100. 


P So, your total assessment is $1100. 


Monitoring Progress i) Help in English and Spanish at BigideasMath.com 
Solve the formula for the indicated variable. 
7. Area of atriangle: A = =bh: Solve for h. 


8. Surface area of acone: S = mr? + ar; Solve for @. 
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Extra Example 3 
The formula for the surface area S of a 
rectangular prism is 
S=2£w+2£h + 2wh. Solve the 
formula for the height A. 
os 2Lw 

2£ +2w 
Extra Example 4 
You have a rectangular backyard that is 
90 feet wide. It has an area of 10,800 
square feet. You are putting a fence along 
one length of the yard. The fence costs 
$12.50 per linear foot. 


a. Find the length of your backyard. 
120 feet 


b. What is the total cost of the fence for 
one length of the yard? $1500 


MONITORING PROGRESS 


ANSWERS 
_2A 
7 he= > 
8. f= ee 
ar 
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Extra Example 5 

Solve the distance formula d = rt for r. 
t 

Extra Example 6 

On a July day, the temperature at the 
peak of Mt. Everest is — 16°C. Is that 
temperature warmer or colder than 0°F? 
warmer 


MONITORING PROGRESS 
ANSWER 


9. no 


30 Chapter 1 


» Mercury 
427°C * = 


apne 
‘ ™ 


30 


‘ 


Chapter 1 


Rewriting and Using Other Common Formulas 


G) Core Concept 


Common Formulas 
Temperature §F = degrees Fahrenheit, C = degrees Celsius 


= 
Sar 


Simple Interest 7 = interest, P = principal, 
r = annual interest rate (decimal form), 
i = time (years) 


I= Prt 


Distance d = distance traveled, r = rate, t = time 
d=rt 


>VNViaesm Rewriting the Formula for Temperature 


e 


Solve the temperature formula for F. 


SOLUTION 
C= 2 = 2)2))) Write the temperature formula, 
Se } , 9 
5° =F — 32 Multiply each side by 5 
2c 32 = F — 32 + 32 Add 32 to each side. 
9 = fatadi 
5c +32=F Simplify. 


> The rewritten formula is F = 2C SP aie 


>@NVidmaem Using the Formula for Temperature 


Which has the greater surface temperature: Mercury or Venus? 


SOLUTION 
Convert the Celsius temperature of Mercury to degrees Fahrenheit. 
F= 2c ab oi Write the rewritten formula from Example 5. 
= 2(427) +32 Substitute 427 for C. 
= 800.6 Simplify, 


> Because 864°F is greater than 800.6°F, Venus has the greater surface temperature. 
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9. A fever is generally considered to be a body temperature greater than 100°F. Your 
friend has a temperature of 37°C. Does your friend have a fever? 


Solving Linear Equations 


COMMON ERROR 


The unit of t is years. Be 
sure to convert months 
to years. 


pb Gms = 05 yh 


12 mo 


Closure 


e Exit Ticket: Solve 2x + 4y = 11 fory. y= 


EXAMPLE 7 Using the Formula for Simple Interest 


You deposit $5000 in an account that earns simple interest. After 6 months, the 
account earns $162.50 in interest. What is the annual interest rate? 


SOLUTION 


To find the annual interest rate, solve the simple interest formula for r. 


1= Prt Write the simple interest formula. 
E =r Divide each side by Pt to solve for r. 
* 
Gas =r Substitute 162.50 for /, 5000 for P, and 0.5 for t. 
0.065 = r Simplify. 


p> The annual interest rate is 0.065, or 6.5%. 


>eNVidease Solving a Real-Life Problem 


A truck driver averages 60 miles per hour while delivering freight to a customer. On 
the return trip, the driver averages 50 miles per hour due to construction. The total 
driving time is 6.6 hours. How long does each trip take? 


SOLUTION 
Step 1 Rewrite the Distance Formula to write expressions that represent the two trip 
times. Solving the formula d = rt for ¢, you obtain t = eC S10, & represents 
FA 


the delivery time, and & represents the return trip time. 


Step 2 Use these expressions and the total driving time to write and solve an 
equation to find the distance one way. 


“ at s = 6.6 The sum of the two trip times is 6.6 hours. 
= 6.6 Add the left side using the LCD. 
300 
lld = 1980 Multiply each side by 300 and simplify. 
d= 180 Divide each side by 11 and simplify, 


The distance one way is 180 miles. 
Step 3 Use the expressions from Step | to find the two trip times. 


P So, the delivery takes 180 mi + 60 mi 


50 mi 


= 3 hours, and the return trip takes 


180 mi + = 3.6 hours. 
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10. How much money must you deposit in a simple interest account to earn $500 in 
interest in 5 years at 4% annual interest? 


11. A truck driver averages 60 miles per hour while delivering freight and 45 miles 
per hour on the return trip. The total driving time is 7 hours. How long does each 
trip take? 
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1) = 2% 
4 


Extra Example 7 

You deposit $3500 in an account that 
earns 4% simple interest. How long 
will you have to leave the money in the 
account to earn $350 interest? 

2.5 years 


Extra Example 8 

Dan drove 330 miles at 60 miles per hour. 
Ryan drove 275 miles at 55 miles per hour. 
How much more time did Dan drive than 
Ryan? 

Dan drove 0.5 hour longer than Ryan. 


MONITORING PROGRESS 


ANSWERS 
10. $2500 


11. delivery: 3 h, return: 4 h 
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1 4 Exercises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 
Homework Check _ 


ASSIGNMENT 
Basic: 1-2, 3-35 odd, 40, 41, 47-52 
Average: 1, 2-30 even, 33-36, 39-41, 


Vocabulary and Core Concept Check 


1. VOCABULARY Is 97 + 16 = ze literal equation? Explain. 


2. DIFFERENT WORDS, SAME QUESTION Which is different? Find “both” answers. 


47-52 
Advanced: 2 10, 12, 20-38 even, Solve 3x + 6y = 24 for x. Solve 24 ns = 6y for x. 
39-52 
Solve 6y = 24 — 3x for y in terms of x. Solve 24 - 6y = 3x for x in terms of y. - 
HOMEWORK CHECK 
Basic: 7, 17, 29, 33, 35 Monitoring Progress and Modeling with Mathematics 
Average: 10, 18, 28, 34, 36 In Exercises 3~12, solve the literal equation for y. 24. MODELING WITH MATHEMATICS The penny 1 
Advanced: 12. 22. 28 34. 36 (See Example 1.) size of a nail indicates the length of the nail. | 
ae vee eee = The penny size d is given by the literal 
Be 3 PS oes |) equation d = 4n — 2, where 7 is the j 
3 See a 5 ee Ss length (in inches) of the nail. n 
ANSWERS a. Solve the equation for n. | 
1. no; It only has one variable. hE as eo b. Use the equation from part (a) to find 
; Ten a | 
2. Solve 6y = 24 — 3x for y in terms OL Zhe § 7) ah chy 10. 16x +9 = 9y — 2x eee ee : ae following 
fo ee eee 25 penny sizes: 3, 6, and 10. 
OW RG y= Sh te re SS 2 
J 2 WW. 2+iy=3x+4 12 oy — oo Gr 
3. y= 13+ 3x ERROR ANALYSIS In Exercises 25 and 26, describe and 
4, y=7—-2x In Exercises 13-22, solve the literal equation for x. correct the error in solving the equation for x. 
) ee p 
Ae ea eer (See Example 2.) 25. 
es re en, a vee We i (V5) 
6 Lagi 13. y=41 + 8x 14. m= 10x— x 
y= x —2x=-2(y—x)-12 
7, y=9x— 45 15. a= 2x + 6xz 16. y = 3bx — 7x Ps es ac : 
Sly =4 Toy=4x4+rx+6 ch 2 =e see — jay 
= 26. 
Oy = eS 10 =ax—3b 
10 pe ae 19. sxtixer 20. a=bx+cx+d 
bs y = 2X 10 = x(a— 3b) 
11. y= 18x%4+ 12 20) Nhe ang = Fx ay) Cis SOE PE 5y 40 _ 
ye — 3b 
12. y= 16 — 12x 23. MODELING WITH MATHEMATICS The total cost = 
By z= sy G Gn dollars) to participate in a ski club is given by 
; the literal equation C = 85x + 60, where +x is the In Exercises 27-30, solve the formula for the indicated 
14. x= am number of ski trips you take. variable. (See Examples 3 and 5.) 
a 
15. x= a4 6s a. Solve the equation for x. 27. Profit: P = R — C; Solve for C. 
~ y b. How many ski trips do 28. Surface area of a cylinder: S = 2ar? + 2arh; 
16. x= WA = Fi you take if you spend Solve for h. 
a total of $315? $485? 
ioe Vi 29. Area of a trapezoid: A = sh(b, + b,); Solve for by. 
: 4+4r = 
g 30. Average acceleration of an object: a = a 
18. x= a Solve for vj. 
=p 
(one = r 32 Chapter 1 Solving Linear Equations 
: Sar v 
0 == a 
Dare 
Ohl pe 12 25. The equation is not solved for x because 
: =5 = 4 ae : : 
7 9 k there is still a term with x on both sides; 
59) oa 510 
] + 2w i eo 2 igs he 
23. a. x= Cc — 60 26. There is no x in 3b to factor out; 
Lee 10 = ax — 3b; 10 + 3b = arjx = 10428 
b. 3 trips; 5 trips ; : a 
d+2 7 = P= 
24. a. n = —— 27. C=R-P 
‘ De ee 
b. by in.; 2 in.; 3 in. ‘ Oar 
2A 
29. b, =——b 
a h 1 


30. vj =at+ vg 


32 Chapter 1 


31. 


32. 


33. 


34. 


REWRITING A FORMULA A common statistic used in 
professional football is the quarterback rating. This 
rating is made up of four major factors. One factor is 
the completion rating given by the formula 


cE 
RS ae = 03] 

A 
where C is the number of completed passes and A is 
the number of attempted passes. Solve the formula 


for C. 


REWRITING A FORMULA Newton’s law of gravitation 
is given by the formula 


= gee) 
We 


where F is the force between two objects of masses 
m, and m,, G is the gravitational constant, and d is 
the distance between the two objects. Solve the 
formula for #2. 


MODELING WITH MATHEMATICS The sale price 
S (in dollars) of an item is given by the formula 
S =L-—rL, where L is the list price (in dollars) 
and ris the discount rate (in decimal form). 

(See Examples 4 and 6.) 


a. Solve the formula for r. 


b. The list price of the shirt 
is $30. What is the 
discount rate? 


$18 


MODELING WITH MATHEMATICS The density d of a 
substance is given by the formula d = a where m is 


its mass and V is its volume. 


Pyrite 


Density: 5.01g/cm? Volume: 1.2 cm3 
a 


a. Solve the formula for m. 


b. Find the mass of the pyrite sample. 


Section 1.4 


35. 


37. 


PROBLEM SOLVING You deposit $2000 in an account 
that earns simple interest at an annual rate of 4%. How 
long must you leave the money in the account to earn 
$500 in interest? (See Example 7.) 


PROBLEM SOLVING A flight averages 460 miles per 
hour. The return flight averages 500 miles per hour 
due to a tailwind. The total flying time is 4.8 hours. 
How long is each flight? Explain. (See Example 8.) 


‘ere 
at Tes 


USING STRUCTURE An athletic facility is building an 
indoor track. The track is composed of a rectangle and 
two semicircles, as shown. 


38. 


a. Write a formula for the perimeter of the 
indoor track. 


b. Solve the formula for x. 


c. The perimeter of the track is 660 feet, and r is 
50 feet. Find x. Round your answer to the 
nearest foot. 


MODELING WITH MATHEMATICS The distance 

d (in miles) you travel in a car is given by the two 
equations shown, where ¢ is the time (in hours) and 
g is the number of gallons of gasoline the car uses. 


a. Write an equation that relates g and tf. 


b. Solve the equation for g. 


ec. You travel for 6 hours. How many gallons of 
gasoline does the car use? How far do you travel? 
Explain. 
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Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


co a cE lial fou 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


35. 6.25 yr 


36. 2.5h;2.3h; < a the 
original trip time, and 500 
represents the return trip time. Add 
these expressions and solve for the 
one-way distance. Substituting the 
distance into each of the expressions 
gives the time for each flight. 


37. a. P=2x + 2ar 


a 
© WB ih 
38. a. 55t = 202 
1lt 
b. mae 


ce. 16.5 gal; 330 mi; The amount of 
gasoline used can be found using 
the formula from part (b). Either 
of the original formulas can be 
used to find the distance. 
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39. MODELING WITH MATHEMATICS One type of stone 41. MAKING AN ARGUMENT Your friend claims that 
ANSWERS formation found in Carlsbad Caverns in New Mexico Thermometer A displays a greater temperature than 
39 ee: is called a column. This cylindrical stone formation Thermometer B. Is your friend correct? Explain 
2 Bye connects to the ceiling and the floor of a cave. your reasoning. 


os LiL ite Woh ames Web aie 


c. First find the radius using the 
formula from part (a), then 
substitute this into the formula for 
the area of a circle. 


40. a. S=4éb + 2b? 
b. Sample answer: €; The formula 
contains terms with both b and b?, 


but only one term with gz a. Rewrite the formula for the circumference of a 
41. no; 70°F is about 21.1°C, which is circle, so that you can easily calculate the radius f 
greater than 20°C. of a column given its circumference. ia : 
b. What is the radius (to the nearest tenth of a foot) 
{ 


Thermometer A le. 


=u 


stalagmite ; Thermometer B 


42. THOUGHT PROVOKING Give a possible value for h. 
Justify your answer. Draw and label the figure using 
your chosen value of A. 


42. Sample answer: h = 8; : 


of a column that has a circumference of 7 feet? 


missing base = 2; A = xh (b, + by), 8 feet? 9 feet? h i 
== ul e e j 
pees 2 8 -(2 + 8) ¢. Explain how you can find the area of a [4 i 
2D aan cross section of a column when you know its 8cm t 
circumference. ap rain tp SETHE EAT EEC te San Sper st eanag seognenre amen tel 
t 
40. HOW DO YOU SEE IT? The rectangular prism shown MATHEMATICAL CONNECTIONS In Exercises 43 and 44, 
8cm has bases with equal side lengths. write a formula for the area of the regular polygon. 
| _ Solve the formula for the height h. 
o 43. 44. 
8cm 
5 2A 
43. A==bh;h=— G 
z 5b b 
A 
MOA=4bh ih = ' 
ue 4b 
45. a= Es a. Use the figure to write a formula for the surface 
ber = Il area § of the rectangular prism. REASONING In Exercises 45 and 46, solve the literal 
AGE yb equation for a. 
y — xb b. Your teacher asks you to rewrite the formula 
oe by solving for one of the side lengths, b or £. AB, p= 28 Dore 
47-52. See Additional Answers. Which side length would you choose? Explain ab 
your reasoning. 
46, y=.) 
nilbirneeniumninananans a—b 


Maintain ing Mathematical Proficiency Reviewing what you leamed in previous grades and lessons 


Evaluate the expression. (Skills Review Handbook) 


AG, IS = 5 de Se EG WoR = 42 = 8 GD), GP 4k WB > 30 GD, ZAG = @) 4+ 9 = 3 


Solve the equation. (Section /,2) 


Si SWS = Giese iC! = 339) 52. —2(4 + m) + 6(m — 3) = 14 


Mini-Assessment 


. Solve the literal equation 
Q=E€= Wehiere €=O = We 34 Chapter1 —_ Solving Linear Equations 


. Solve the literal equation 


nt+6—xt=s fort. pause 
n—-Xx 
. The formula for the area of a 


triangle is A = ybh. Solve the 


formula for the base b. 6 = 7a 


. A tour bus driver averages 60 miles 
per hour to the destination. The 
driver averages 55 miles per hour 
on the return trip. The total driving 
time is 5.75 hours. How long does 
each trip take? The trip to the 
destination takes 2.75 hours, and 
the return trip takes 3 hours. 


If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


Student Journal 


: Start the next Section 
e Practice 


Differentiating the Lesson 
Skills Review Handbook 
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1.3-1.4 What Did You Learn? 


Core Vocabulary 


identity, p. 23 formula, p. 29 
literal equation, p. 28 


Core Concepts 


Section 1.3 


Solving Equations with Variables on Both Sides, p. 22 
Special Solutions of Linear Equations, p. 23 


Section 1.4 


Rewriting Literal Equations, p. 28 
Common Formulas, p. 30 


Mathematical Thinking 


1. What definition did you use in your reasoning in Exercises 35 and 36 on page 26? 


2. What entry points did you use to answer Exercises 43 and 44 on page 34? 


pecs ccc ccc creo: Performance Task - - - - 


Magic of 
Mathematics 


Have you ever watched a magician perform a number trick? 
You can use algebra to explain how these types of tricks work. 


To explore the answer to this question and more, go to 
BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


1. the definition of “identity” 


2. Sample answer: the center and two 
adjacent vertices to form congruent 
triangles 


Chapter 1 35 


ANSWERS 


i, g= =op Subtract 3 from each side. 
2. t= —13; Divide each side by —0.2. 
3. n= 10; Multiply each side by —5. 
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Ch rs | pte r Review Dynamic Solutions available at BigideasMath.com 


1.1 | Solving Simple Equations (pp. 3-70) 


a. Solve x — 5 = —9. Justify each step. 


=> 9 Write the equation. 

Addition Property of Equality j-> +5 +5 Add 5 to each side. 
—— x=-4 Simplify. 

p> The solution is x = —4. 
b. Solve 4x = 12. Justify each step. 
4x = 12 Write the equation. 
Division Property of Equality } = = a Divide each side by 4. 

x=3 Simplify. 


> The solution is x = 3. 


c. The boiling point of a liquid is the temperature at which the liquid becomes a gas. The boiling 


point of mercury, 357°C, is about 4 of the boiling point of lead. Write and solve an equation 


to find the boiling point of lead. 


Let x be the boiling point of lead. 


41 , : 
2007 > 357) Write the equation, 
7 Rear cas ay eee =. aly le 
| SUL ia i EID > foun ai 357 Multiply each side by a" 
x= 1741 Simplify. 


> The boiling point of lead is about 1741°C. 


Solve the equation. Justify each step. Check your solution. 


ih 2 3=S=6 2. 2.6 = —0.2t 3. See 


Solving Multi-Step Equations (pp. 77-78) 


a. Solve —4p — 9 = 3. 


=i = =a Write the equation. 
—4p = 12 Add 9 to each side. 
p=-3 Divide each side by —4. 


p> The solution is p = —3. 


36 Chapter 1 Solving Linear Equations 


ANSWERS 


4. y=-9 
Pn ioe) 
b. Solve —6x + 23 + 2x = 15, i 
A 
Ox 29 2 15 Write the equation. i, ge ae 
—4x + 23 = 15 Combine like terms. Gene 
—4x = —8 Subtract 23 from each side. Oe) 
g=2 Divide each side by —4. ih see oh 110°. 50°. 20° 
D> The solution is x = 2. 11. x = 126; 126°, 96°, 126°, 96°, 96° 
Solve the equation. Check your solution. 12. eats a 20; 
4. 3y+ ll =—16 2p = lp ise daar 7 = 28) , 
: 7 ji 7 ae 22 points 
7. —4(2z + 6)—-12=4 Ee Ae = 2) = sr IS 9.6=.wtsw—4 
13. n= -4 


Find the value of x. Then find the angle measures of the polygon. 


10. 110° 11. (xaos Oe 


14. all real numbers 
15. no solution 
se as 30); (x — 30)° 16. 18 — 3 = 12x:0.5h 


Sum of angle measures: 180° 
Sum of angle measures: 540° 


12. Use the table to write and solve an equation | | 
Game | 1 | 2 | 3 | 4 
to find the number of points p you need to = Welle 
score in the fourth game so that the mean Points | 25 | IS | 18 | p | 


number of points scored per game is 20. 


P83 | Solving Equations with Variables on Both Sides (pp. 2!~26) 


Solve 2(y — 4) = —4(y + 8). 


2(y — 4) = —4(y + 8) Write the equation. 
2y — 8 = —4y — 32 Distributive Property 
6y — 8 = —32 Add 4y to each side, 

6y = —24 Add 8 to each side. 
y=~-4 Divide each side by 6. 


> The solution is y = —4. 


Solve the equation. 
13. 3n-3=4n+ 1 14. 5(1 +x) = 5x +5 15. 32 + 4) = 3(6n + 4) 
16. You are biking at a speed of 18 miles per hour. You are 3 miles behind your friend who is 


biking at a speed of 12 miles per hour. Write and solve an equation to find the amount of time 
it takes for you to catch up to your friend. 


Chapter 1 Chapter Review 37 


Chapter 1 37 


ANSWERS ~ 


17. 
18. 
19. 


20. 


21. 


38 


y= ox = 5 
Sy Dae = 2 
= a 
ts Wap he 
3V 
i 
‘i B 
b, 18cm 
a. K =2(F — 32) + 273.15 
b. about 355.37 K 
Chapter 1 


38 


1.4 | Rewriting Equations and Formulas (pp. 27-34) 


Chapter 1 


a. The slope-intercept form of a linear equation is y = mx + b. Solve the equation for 7. 


y=mx+b Write the equation. 
y-b=m+b—b Subtract b from each side. 
y~-b=mx Simplify. 
yob_m Divide each side by x. 

x x 
Jae simplify, 


x 


> When you solve the equation for m, you obtain m = cael 


b. The formula for the surface area S of a cylinder is S = 2a7r? + 2arh. Solve the formula 
for the height /2. 


S= 2wr++2arh Write the equation. 
SO = ear Subtract 2 ar? from each side. 
S — ar? = 2arh Simplify. 
a 2 
ere 2 aes Divide each side by 2zr. 
2ar 2ur 
Sia ae, 
——— =h Simplify. 
Aaa implify 
nh = Lie 
> When you solve the formula for h, you obtain f = Ss eee 
vite 
Solve the literal equation for y. 
17. 2x — 4y = 20 18. 8x-3=5+4y 19. a = 9y + 3yx 


20. The volume V of a pyramid is given by the formula V = 3Bh, where B is the area of the 
base and A is the height. 


a. Solve the formula for A. 
b. Find the height / of the pyramid. 


V = 216 cm3 


B= 36cm? 


21. The formula F = 2(K — 273.15) + 32 converts a temperature from kelvin K to degrees 
Fahrenheit F. 


a. Solve the formula for K. 


b. Convert [80°F to kelvin K. Round your answer to the nearest hundredth. 


Solving Linear Equations 


Chapter Test ANSWERS 


1. x = 22; Add 7 to each side. 


Solve the equation. Justify each step. Check your solution. Lh ~3; Subtract 5 Hoe each side; 
: Multiply each side by =. 
1 x—7= 15 2, 2x53 3. Iixt+1=-14+x 1 z 
: 3. x= a Subtract x and | from each 
Solve the equation. side; Divide each side by 10. 
4. -2+5x-7=3x-9+2x 5. 3¢+4)-1=—-7 6. 16x + 12) — 2@ — 7) = 19 4. all real numbers 
a 
5. x= —-6 
Describe the values of c for which the equation has no solution. Explain your reasoning. é sie sollutien 
do BESS Be = € 8. 4x+ ]=2e +e 7. c #5; If cis 5, then the equation is 


an identity. For all other values of c, 
subtracting 3x from each side will 
give a statement that is always false. 


9. The perimeter P (in yards) of a soccer field is represented by the 
formula P = 22 + 2w, where @ is the length (in yards) and w is the 
width (in yards). 

8. none; For all values of c, a value of x 

can always be substituted so that the 
statement is always true. 


a. Solve the formula for w. 
b. Find the width of the field. 
c. About what percent of the field is inside the circle? 


2£ 
Ta 9, a. w=P- ay 
10. Your car needs new brakes. You call a dealership and a local b. 65 yd 
mechanic for prices. ce. about 4.8% 
Pere a oe 10. a. 2.1 h; The cost at the dealership is 
24 + 99¢ and the cost at the local 
[Dealership $24 se mechanic is 45 + 897. Set these 
| Local mechanic m2 = 3 two expressions equal and solve 


for the time. 
a. After how many hours are the total costs the same at both places? Justify your answer. 


b. time is less than 2.1 h; time is 
greater than 2.1 h; Because the 
expressions are equal for 
2.1 hours, that is the cutoff point 
from the dealership being less 
expensive to the local mechanic 
being less expensive. 


b. When do the repairs cost less at the dealership? at the local mechanic? Explain. 


11. You want to paint a piece of pottery at an art = 
studio. The total cost is the cost of the piece plus an 
hourly studio fee. There are two studios to choose 
from. (Section J.3) 


a. After how many hours of painting are the 
total costs the same at both studios? Justify 


your answer. . 11. a. 3h; The cost at studio A is 
b. Studio B increases the hourly studio fee 10 + 8h and the cost at Studio 
by $2. How does this affect your answer Bis 16 + 6h. To find when the 


: 5 : 
in part (a)? Explain. costs are the same, set these two 


expressions equal and solve for 


12. Your friend was solving the equation shown and was confused by the result : 
the time. 


“—8 = —8.” Explain what this result means. y 
b. The costs will never be the same; 


Sample answer: The cost for 
studio B changes to 16 + 8h, and 
the new equation has no solution. 


Aly = 2) = y= Oy = = ap 
4y — 8 — 2y = by — 8 — 4y 
2y-8=2y-8 


-8=-8 
12. Itis an identity, meaning that all 


Chapter1 Chapter Test 39 real numbers are solutions of the 
equation. 


If students need help... If students got it... 
Lesson Tutorials Resources by Chapter 
e Enrichment and Extension 


e Cumulative Review 


Skills Review Handbook Performance Task 


BigldeasMath.com Start the next Section 


Chapter 1 so 


ANSWERS 
are 
22H 
32 € 
4. G 
5. B 
6. G 
40 Chapter 1 


Standards Assessment 


You are ordering concert tickets. You pay a processing fee of $5, plus $18 per ticket. How 
many tickets can you buy for $100? (TEKS A.5.A) 


@ 3 q 

@5 ®D 6 

Which equation is equivalent to 2x + 1) + 1 = y? (TEKS A.10.D) 
@ x«+7=y+4 @) Me =SB= =—3 
CG) 3x+3=y+x DD Bese 3 = Dp 


You are renting a canoe. It costs $35 to rent the canoe, plus $6 per hour. You have $60. 
How long can you rent the canoe? Round to the nearest hour. (TEKS A.5.A} 


@® 1h @® 3h 
© 4h @ 5h 


. The area A of a rhombus is given by the formula A = 34d, where d, and d, are the 


lengths of the diagonals. Which equation could you use to find the value of d, for 
different values of d, and A? (TEKS A.12.E) 


SS 


dy 2A 

jou (2) @ a=¥ 
a Sea 
Cees Dyer! 


Your friend’s age is 5 years less than half her mother’s age. Your friend is 15 years old. 
How old is her mother? (TEKS A.5.A) 


@ 35yr 40 yr 
© 45 yr @® 50yr 


In biology, the surface-area-to-volume quotient Q of a single spherical cell is given by 
the formal Q = = where r is the radius of the cell. A biologist needs to calculate the 
tf 


diameter d of a cell in terms of Q. Because d = 2r, which formula could the biologist 
use to find d? (TEKS A.12.E) 


® a=" © a=75) 
® 4=20 D a= 


Chapter 1 


Solving Linear Equations 


ANSWERS 


do. 
8. G 
9, 4 
7. Flyball is a relay race for dogs. In each of the four legs of the relay, a dog jumps over * 8 
hurdles, retneves a ball from a flybox, and runs back over the hurdles. The collie starts 10. A 
the course 0.3 second before the German shepherd. How many seconds does it take ll. H 
for the German shepherd to catch up with the collie? (TEKS A.5.A) > B 
12. 


(A) 0.3 sec 1.8 sec 
© 11.7 sec @) 13.3 sec 


8. A ski resort offers a super-saver pass for $90 that allows you to buy lift tickets at 
half price. If you buy the pass, the cost (in dollars) of buying ¢ tickets is 90 + 22.5¢. 
Otherwise, the cost (in dollars) is 45¢. How many lift tickets would a skier have to 
buy for the two costs to be equal? (TEKS A.5.A) 


@® 2 @© 4 
@ 6 d 8 


9. GRIDDED ANSWER What is the value of x in the equation —7x = ~ix = Su 
(TEKS A.5.A) 


10. A music store offers a finance plan where you make a $50 down payment on a guitar and 
pay the remaining balance in 6 equal monthly payments. You have $50 and can afford to 
pay between $60 and $90 per month for a guitar. What is a reasonable price that you can 
afford to pay for a guitar? (TEKS A.5.A) 


(A) $542 $591 
© $645 @) $718 
11. What is the solution of 7v — (6 — 2v) = 12? (TEKS A.5.A) 
(y= —36 @ r=—2 
GD v=2 GD v= 36 


12. An investor puts x dollars in Fund A and $2000 in Fund B. The total amount invested 
in the two funds is 4x — 1000 dollars. How much money did the investor put in 
Fund A? (TEKS A.5.A) 


@ $333 $1000 
© $3000 @O) $3333 
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Chapter 1 41 


Chapter Opener/ 


Mathematical Thinking ae 
section 1 : 2 Day 
| Section 2 2 Days 
“Section 3 2 Days 

Quiz 1 Day” 

Section 4 2 Days 

Section 5 a Days. 

Sime at 

Total Chapter 2 14 Days 


Year-to-Date 


Texas Essential 
Knowledge and Skills 
- Summary 


Section | TEKS 
2.1 Preparing for A.5.B 


Wie acne 
ASB 
ASB 
ASB 
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_ Mountain Plant Life (p. 77) 


_ Microwave Electricity (p. 56) 


Natural Arch (p. 51) 


thematical hinking: Mathematically proficient students can apply the mathematics they know to solve problems 
ising in everyday life, society, and the workplace. — z 2 


For an overview of this chapter, formative assessment tips, and teaching strategies, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Maintaining Mathematical Proficiency 


Dynamic Assessment & Progress Monitoring Tool 


Graphing Numbers on a Number Line (6.2.c¢) Lesson Planning Too! 


Example 1 Graph each number. Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 
Real-Life STEM Videos 


Texas Essential 
Knowledge and Skills 
4 6.2.C The student is expected to locate, 


compare, and order integers and rational 
numbers using a number line. 


The absolute value of a positive number is positive. } q 
, | ANSWERS 


1. 6 
sy i <— Ott 


The absolute value of a negative number is positive, | l 2 
4 -4 -2 0 2 4 


Example 2 Graph each number. 


Graph the number. 
1. 6 2. |2| a | ——— 


4. 2+ |-2| 5. =| 
Sb =5) 
Comparing Real Numbers (.2.c) =e 0 2 
Example 3 Complete the statement -—1 —5 with <,>, or =. : 6 2 . 
: : =i =2 @ ® af 
si) : 
ig KS 
4, eed ge eae 
-4 -3 -2 -1 : 
> —Listo the right of —5. So, —1 > —5. 9 < 
10. > 
Complete the statement with <, >, or =. "Wo = 
7. 279 8-6 5 9. -12 -4 A, < 
10. -7 =13 11. |-3 |i js! 12. —10 ME j-18] 13. —b<~—a 


13. ABSTRACT REASONING A number a is to the left of a number b on the number line. 
How do the numbers —a and —b compare? 


Dynamic Solutions available at BigildeasMath.com 


For suggestions on Maintaining Mathematical Proficiency in your classroom, 
see Laurie’s Notes at BigideasMath.com. 


Vocabulary. Review., 


Have students make an Idea and Examples Chart for the following words. 


e Absolute value 
¢ Negative number 
e Positive number 
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MONITORING PROGRESS 


AN SWE RS : | Mathematical | Mathematically proficient students select tools, including real objects, 


Ik, ae 

My Fe Ss 3 

Sh oe =?) 
44 


= J manipulatives, paper and pencil, and technology as appropriate, and 
Thi n king ‘techniques, including mental math, estimation, and nuniber sense as 
appropriate, to solve problems. (A.1.C) 


Using a Graphing Calculator 


G Core Concept 


Solving an Inequality in One Variable 


You can use a graphing calculator to solve an inequality. 


1. Enter the inequality into a graphing calculator. 
2. Graph the inequality. 
3. Use the graph to write the solution. 


Bec a  Using a Graphing Calculator 


Use a graphing calculator to solve (a) 2x — 1 <x + 2 and(b) 2x —1 <x +2. 


SOLUTION 


a. Enter the inequality 2x — 1 < x + 2 into a graphing calculator. Press graph. 


\¥1B2X-1<X+2 


Use the inequality 
symbol <. 


> The solution of the inequality is x < 3. 


b. Enter the inequality 2x — 1 < x + 2 into a graphing calculator. Press graph. 


Use the inequality ; 
| symbol <. 


P The solution of the inequality is x < 3. 


Notice that the graphing calculator does not distinguish between the solutions 
x <3and x < 3. You must distinguish between these yourself, based on the inequality 
symbol used in the original inequality. 


Monitoring Progress 


Use a graphing calculator to solve the inequality. 


Iai See | ee 3. dxt+1sixt3 
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| df students need help... 


Student Journal 
¢ Maintaining Mathematical Proficiency 


Game Closet at BigideasMath.com 


Lesson Tutorials Start the next Section 


Skills Review Handbook 


Chapter 2 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
Preparing for A.5.B 


USING PRECISE 
MATHEMATICAL 
LANGUAGE 


To be proficient in math, 

you need to communicate 
precisely. You also need to 
state the meanings of the 
symbols you use. 


Writing and Graphing Inequalities 


Essential Question How can you use an inequality to describe a 


real-life statement? 


Sake) VME Writing and Graphing Inequalities 


Work with a partner. Write an inequality for each statement. Then sketch the graph 
of the numbers that make each inequality true. 
= 


a. Statement The temperature tin Sweden is at Icast — 10°C. 
inequality (9) 


Graph 
-40 -30 -20 -10 0 10 20 30 40 


b, Statement The elevation e of Alabama is at most 2407 feet. 


Inequality <n 


Graph 
3000 -2000 ~1000 0 1000 2000 3000 


ARO NIO)\eae Writing Inequalities 


Work with a partner. Write an inequality for each graph. Then, in words, describe 
all the values of x that make each inequality true. 


we 


4-3 -2 -1 


re 
0 1 2) 3 4 


Communicate Your Answer 


3. How can you use an inequality to describe a real-life statement? 


4. Write a real-life statement that involves each inequality. 


Be. FS Bhs) 
b. x $6 
Coxe 
d. x 2 10 


Section 2.1 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigldeasMath.com. 
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Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Too! 
Lesson Planning Tool 

Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
+3 Knowledge and Skills 
A.5.B The student is expected to solve 
linear inequalities in one variable, 
including those for which the application 
of the distributive property is necessary 
and for which variables are included on 
both sides. 


ANSWERS 
il, 2k ee IIS 


Oe 
-40 -20 0 20 40 
b. e< 2407 ft 


2407 


Sea 
-2000 0 2000 


2. a. x2 1; one and all numbers greater 
than one 


b. x > 1; all numbers greater than 
one 


ce. x <1; one and all numbers less 
than one 


d. x < 1; all numbers less than one 


3. An inequality can indicate the largest 
or smallest value for a quantity. 


4, a. Sample answer: The judge’s 
score is less than 3.5. 


b. Sample answer: The time in the 
pool was at most 6 hours. 


c. Sample answer: The temperature 
is greater than —2°C. 


d. Sample answer: The profit was at 
least $10. 


Section 2.1 45 


Extra Example 1 

Write each sentence as an inequality. 

a. Anumberc plus 9.4 is greater than or 
equal to —6. c + 9.4 > —6 


b. Six is greater than a number p minus 8. 


SS P= e 
c. Ten is no more than the sum of 3 times 
anumbery and 4. 10 < 3y +4 


MONITORING PROGRESS 


ANSWERS 
1. b< 30.4 


2 
2. -22k-4 
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What You Will Learn 


p> Write linear inequalities. 
p> Sketch the graphs of linear inequalities. 
P Write linear inequalities from graphs. 


Core.Vocabulary.. 


inequality, p. 46 

solution of an inequality, p. 47 
solution set, p. 47 

graph of an inequality, p. 48 


Writing Linear Inequalities 
An inequality is a mathematical sentence that compares expressions. An inequality 
contains the symbol <, >, S, or 2. To write an inequality, look for the following 


Previous phrases to determine what inequality symbol to use. 


expression 


Inequality Symbols 4 
Symbol I & > < = 
ee 
eis less eis greater |eislessthanor | eis greater than 
Key than than equal to or equal to 
Phrases | eis fewer e is more eis at most e is at least 
than than : 0 ea 
A e is no more than } @ is no less than 


EXAMPLE 1 Writing Inequalities 


Write each sentence as an inequality. 
a. A number w minus 3.5 is less than or equal to —2. 
b. Three is less than a number n plus 5. 


c. Zero is greater than or equal to twice a number x plus 1. 


SOLUTION 


a. A number w minus 3.5 is less than or equal to —2. 


Vaeo s 24 
P An inequality is w — 3.5 < —2., 


READING b. Three is less than a number n plus 5. 
THE lity 3 i Re en ie 
e inequality 3<n +5 is 3 ry EBs 


the same asn+5>3. 


> An inequality is3<n +5. 


c. Zero is greater than or equal to twice a number x plus 1. 
. a ; 


0 Ey a+ 


P An inequality is 0 > 2x + 1. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
Write the sentence as an inequality. 


1. A number b is fewer than 30.4. 


ae : : 
2. —7 is at least twice a number k minus 4. 
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Solving Linear Inequalities 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


SUPPORTING English Language Learners 


To provide listening practice, read aloud the Key Phrases describing the Inequality Symbols. Check 
understanding. 
Beginning As a phrase is read, write the symbol that represents it. 


Intermediate As a phrase is read, provide the synonymous phrase. 
Advanced/Advanced High Provide the meaning of the phrase using their own words. 


ELPS 2.C.1 Learn new language structures heard during classroom instruction and interactions. 


Sketching the Graphs of Linear Inequalities 


A solution of an inequality is a value that makes the inequality true. An inequality Extra Example 2 7 
can have more than one solution. The set of all solutions of an inequality is called the Tell whether 3 is a solution of each 
solution set. inequality. 
heey ———— —— - | a. X— 7 > —5 3 isa solution. 
alue of x x Ss s the inequality true? : : 
ro x 5 ‘ =a b. —3x < —12.5 3 is not a solution. 
“G52 —2 | 
=(5) Wi yes 
aia MONITORING PROGRESS 
9 
= 458 22° ANSWERS 
= yes 
—2>-2 7 3. yes 
? ; 
; Sg 4. no 
£ no 
—37 -2 x | 5. yes 
6. no 


Recall that a diagonal line through an inequality symbol means the inequality is not 
true. For instance, the symbol # means “‘is not greater than or equal to.” 


S\Va6ae Checking Solutions 


Tell whether —4 is a solution of each inequality. 


Eb SeaP ti Ss 3) 
[ob S4h ope SS = Zul 
SOLUTION 
Bo Ses Ses Write the inequality. 
=i) ap ge =8 Substitute —4 for x. 
BSB x Simplify. 


4 is not less than —3. 


> So, —4 is nota solution of the inequality. 


b. 45x > —21 Write the inequality. 
Seen =| Substitute — 4 for x. 
Roi Ss = 22IL / Simplify. 
18 is greater than —21. 


So, —4 is a solution of the inequality. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
Tell whether —6 is a solution of the inequality. 


3), CaP A ge =| 4. 10<3-m 
by, il age 2 Shs) (%, dhe = 25 = = 2 


Section 2.1 Writing and Graphing Inequalities 47 


Section 2.1 47 


The graph of an inequality shows the solution set of the inequality on a number line. 


Extra Example 3 An open circle, O, is used when a number is not a solution. A closed circle, @, is used 

Graph each inequality. when a number isa solution. An arrow to the left or right shows that the graph 
continues in that direction. 

Bk X62 Ss 


CNV iam Graphing Inequalities 
SS SS ee 
Graph each inequality. 


J, Al Ss Wy a. y<-3 b.2<x cx>0 
+t tt ttt SOR N 
geese Ae Sle a. Test a number to the left of —3. y =—4is a solution. 
é, 3% <=? Test a number to the right of —3. y = 0is nota solution. 


Use a closed circle 
because — 3 js a solution. | 


a ee 


MONITORING PROGRESS Aen SN eee eres ren 
Another way to represent [shade the number line on the side 
ANSWERS the solutions of an { where HOUT salle 
7 ee eo inequality is to use 
ee a ks set-builder notation. In b. Test a number to the left of 2. X = is not a solution. 
Example 3b, the solutions ; : : 
8. 1.4 can be written as {x]x > 2}, Test a number to the right of 2. x = 47s a solution. 
a which is read as “the set 
0 04 08 12 16 of all numbers x such that 


Use an open circle because | 
2 is not a solution. 


Se ee ee 


=2 =i @ 1 Des ee i 5 o 7 a8 
“2 = o i a (shade the number line on the side } 
where you found a solution. 
i}, SSeS SSar— z 2 


c. Just by looking at the inequality, you can see that it represents the set of all 
positive numbers. 


x is greater than 2.” 


Use an open circle because 
0 is not a solution. 


Shade the number line on the 
positive side of 0. 


Monitoring Progress @) Help in English and Spanish at BigideasMath.com 


Graph the inequality. 


7 b> 8 8. 1428 
%r<t 10. v > V36 
48 Chapter 2 Solving Linear Inequalities 


48 Chapter 2 


YOU MUST BE 
THIS TALL TO 
RIDE 


Closure 


Writing Linear Inequalities from Graphs 


-EXAMPLE 4. Writing Inequalities from Graphs 


The graphs show the height restrictions / (in inches) for two rides at an amusement 
park. Write an inequality that represents the height restriction of each ride. 


BeA << SS SS 


RC eB a ea 


44 46 48 50 52 54 
SOLUTION 
Ride A 5 : : 
(the closed circle means that 48 is a solution. } 
¥ 
4a 46 48 50 \ 52 54 
Because the arrow points to the right, alt 
numbers greater than 48 are solutions. 
x aoe 
HCI The open circle means that 52 is not a solution. ) 
\ 
44 \46 48 50 52 54 
Because the arrow points to the left, 2 
all numbers tess than 52 are solutions, | 
a 


PR So,h > 48 represents the height restriction for Ride A, and h < 52 represents the 
height restriction for Ride B. 


Monitoring Progress @) Help in English and Spanish at BigideasMath.com 


11. Write an inequality that represents the graph. 


Concept Summary 
Representing Linear Inequalities 
Words Algebra Graph 

xis less than 2 x<2 os aSIEnEEEEEE ene ea 
=| ® 1 2 5 4 & 

xis greater than 2 Sz <4} -+}-— 
=) © 1 23 € & 

x is less than or equal to 2 Nea (ee eet] 
=) © 1 28 4 

x is greater than or equal to 2 ee ep Se 
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¢ Explain how to graph the inequality x > —2 to someone who has called you on the phone. 
Sample answer: On a number line, draw an open circle at —2 and shade the line to the right 
or 2 


Extra Example 4 


The graphs show the age restrictions a 
(in years) for two types of movie tickets. 
Write an inequality that represents the 


age restriction of each ticket. 


Ticket A 
——— St 
6 8 10 12 14 
Ticket B 
z 4 5 
58 60 62 64 66 
Ticket A: a < 12: Ticket B: a > 62 
MONITORING PROGRESS 
ANSWERS 
il, #2 = 
Section 2.1 49 


Assignment Guide and 
Homework Check 


ASSIGNMENT 


Basic: 1-4, 5-23 odd, 27-35 odd, 41, 
45,50, 52, 60-65 


Average: 1-4, 6-46 even, 
50-54 even, 60-65 


Advanced: 1-4, 10-14, 22-26, 28, 
34—58 even, 59-65 


HOMEWORK CHECK 
Basic: 9, 17, 33, 41 
Average: 10, 16, 32, 44 
Advanced: 12, 24, 36, 44 


ANSWERS 
1. inequality 
2. no; Ifx is 5, then the value on the left 


simplifies to 8, which is not greater 
than 8. 


3. Draw an open circle when a number 
is not part of the solution. Draw a 
closed circle when a number is part 
of the solution. Draw an arrow to the 
left or right to show that the graph 
continues in that direction. 


4. wisno more than —7; ws —7; 
we—-7 

Sy i 3 

6. tele 
Ws ISs% 

8. 3w< 18 
9 sy >22 
Biase 
IZ 20 = il 


A 
2.1 


w2l.7 
eal) 
no 


Ah < 107 in. 


b. no; A height of 9 feet is equal to 
108 inches, which is not less than 
107 inches. 
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Exercises 


2.1 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


COMPLETE THE SENTENCE A mathematical sentence using the symbols <, >, <, or 2 is 


called a(n) 


. VOCABULARY Is 5 in the solution set of x + 3 > 8? Explain. 


. ATTENDING TO PRECISION Describe how to graph an inequality. 
DIFFERENT WORDS, SAME QUESTION Which is different? Write “both” inequalities. 


w is greater than or equal to —7. 


wis no more than —7. | 


In Exercises 5-12, write the sentence as an inequality. 
(See Example 1.) 


5. A number x is greater than 3. 


13. 


50 


eee 


A number v plus 7 is less than or equal to 9. 
Fifteen is no more than a number ¢ divided by 5. 
Three times a number w is less than 18. 
One-half of a number y is more than 22. 


Three is less than the sum of a number s and 4. 


. Four is no less than the quotient of a number x 


and 2.1. 


MODELING WITH MATHEMATICS 
On a fishing trip, you catch two 
fish. The weight of the first fish 
is shown. The second fish weighs 
at least 0.5 pound more than the 
first fish. Write an inequality 

that represents the possible 
weights of the second fish. 
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w is no less than —7. © 


wisatleast —7. 


14. 


MODELING WITH MATHEMATICS There are 
430 people in a wave pool. Write an inequality that 
represents how many more people can enter the pool. 


HOURS 


Monday — Friday: 10 a.m.—6 pm, 


Saturday — Sunday: 10 am.—7 p.m, 
Maximum Capacity: 600 


In Exercises 15-24, tell whether the value is a solution 
of the inequality. (See Example 2.) 


Aly, 
. Thirteen is at least the difference of a number v and 1. 


17. 


1), 


21. 


22. 


23. 


25. 


r+4>8;r=2 16, 3 — x 83 


an Ss Kees =o 18. 17 2 2y;y=7 
-1>—-4,x=3 20, 423;2=2 
2 z 
142 -2n+4,;n=—-5 
=5 = (49) =< les = 10 
10 Bit 9 5 Bae 


20 <— + 20;z=5 24. 
2 


MODELING WITH MATHEMATICS The tallest person 
who ever lived was approximately 8 feet 11 inches tall. 


a. Write an inequality that represents the heights of 
every other person who has ever lived. 


b. Is 9 feet a solution of the inequality? Explain. 


26. DRAWING CONCLUSIONS The winner of a 43. 


weight-lifting competition bench-pressed = sh = 2 =o) @§ 7 2 F a & 
400 pounds. The other competitors all 

bench-pressed at least 23 pounds less. 44. << 4s ~ 
a, Write an inequality that represents the weights eee sa a O 1 ¢ 8 8 


that the other competitors bench-pressed. 
45. ANALYZING RELATIONSHIPS The water temperature 


of a swimming pool must be no less than 76°F. The 
temperature is currently 74°F. Which graph correctly 
shows how much the temperature needs to increase? 


b. Was one of the other competitors able to 
bench-press 379 pounds? Explain. 


ERRORANALYSIS In Exercises 27 and 28, describe and Explain your reasoning. 
A ates nae * 
correct the error in determining whether 8 is in the 
solution set of the inequality. @ ae 
27. -5 -4-3 -2-1 0 1 
/, ih 
? ee 
mea = BoA Hoo- O@ 7 2 3 a § 
il <a 
& isin the solution set. (Cl aa ae alee 
ecanton ae -5 -4 -3 -2-1 0 
28. 
x gx+2S6 Oe ae 
? } Ais Sy ew ates 
4a) +26 5-4-3 -2-1 0 1 
2 
4+2<6 46. MODELING WITH MATHEMATICS According to a 
BEE state law for vehicles traveling on state roads, the 
Bi ¢ In Cheloor maximum total weight of a vehicle and its contents 
scala tae as.” depends on the number of axles on the vehicle. For 
each type of vehicle, write and graph an inequality 
that represents the possible total weights w 
In Exercises 29-36, graph the inequality. (in pounds) of the vehicle and its contents. 
(See Example 3.) 
29. x>2 30. z<5 Maximum Total Weights 
2 axles, 3 axles, 4 axles, 
cee mes eee OS I 40,000 Ib 60,000 Ib 80,000 Ib 
35. i<p io, 72 =5| 
47. PROBLEM SOLVING The Xianren Bridge is located 
In Exercises 37-40, write and graph an inequality for in Guangxi Province, China. This arch is the world’s 
the given solution set. longest natural arch, witha length of 400 feet. Write 
and graph an inequality that represents the lengths 2 
Se 
SEB CS 1 de telice= 2) (in inches) of all other natural arches. 
se), [leis a} 40. {w|5.2>w} 


In Exercises 41-44, write an inequality that represents 
the graph. (See Example 4.) 


Mo eb 


eC a |e 0 1 2 3 @ 5 
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45. C; The temperature must be at least 2°F 47. £< 4800 
warmer, so the increase is represented by SSS SOS SS 
So. 4600 4800 5000 


46. 2 axles: w < 40,000 
20,000 40,000 60,000 80,000 


3 axles: w < 60,000 
——— + 
20,000 40,000 60,000 30,000 

4 axles: w < 80,000 

So ae IE a a 


20,000 40,000 60,000 80,000 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
26a0an eo S307 


b. no; A weight of 379 pounds is 
not a solution of the inequality in 
part (a). 
27. Because —1 is not less than —4, the 
final result is not true; —1 < —4; 8 is 
not in the solution set. 


28. Because 6 equals 6, the final 
inequality is true; 8 is in the solution 
set. 

29. ~<t+++¢+ > 


30. 5 


31. -1 


2 


a2 SASS 


34. 1 
ett 
2 @ 2B 

35. t 
sepa esses 
=> 0) Ss 4 ae 

36. -5 
<= e 
=§ <4 =<2 @ 

SoG a 

7 

Ot 
0 2 A § 2 WW 

ahh 2 = 2 
Sa a 
= =2 @ 2 

Soles =<, 

ie 

<4 
10 12 We We 

40. 5.2>w 
os oe 
46 48 50 52 

44. x<4 

a0, 52 = 2 

43. x>3 

Al sexe =] 
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ANSWERS . 


48. 
49. 


50. 


Sil. 


52. 


53. 


54. 


55. 
56. 
57> 
58. 
59. 


60. 
61. 
62. 
63. 
64. 
65. 


2 
Sample answer: hs ee 


Sample answer: You spend $23 on 
admission and x dollars on snacks, 
and you can spend no more than 
$31 total. 


a. T > —38.87 

b. yes; The graph shows —38.87°C 
as the lowest possible melting 
point. 

0.90x < 24; yes; Because 

0.9(25) = $22.50, which is less than 

$24, the inequality is true. 


cousin; Because the inequality is 
“less than or equal to,” a weight equal 
to the given amount is possible. 


Sample answer: A temperature 
above the freezing point of water 
can be represented by T > 0 if the 
temperature is in degrees Celsius, 
or by T > 32 if the temperature is in 


degrees Fahrenheit. 
b < 17,000 

17,000 
SSO 
12,000 14,000 16,000 18,000 
x<l4 
x21.6 
eS} 
x>6 


a. r>D (about Sal) 


57 
Snare 


5.68 5.70 5.72 5.74 
b. no; The graph includes speeds 
beyond the maximum speed a 
human can run. 


x=1 
y= 14 
y=2 
y= 1 


Addition Property of Equality 
Division Property of Equality 


Mini-Assessment 


. Write the sentence as an inequality. 


3: 


52 


One-half is at least 3 times a 
number p. t 2 3p 


. Tell whether —2 is a solution of 


the inequalityn —5 <8. —2isa 
solution. 


Graph the inequality s > —3. 


“5-4 -3 


Chapter 2 


48. THOUGHT PROVOKING A student works no more 
than 25 hours each week at a part-time job. Write an 
inequality that represents how many hours the student 
can work each day. 


=-- ae ~ a 


49. WRITING Describe a real-life situation modeled by 
the inequality 23 + x < 31. 


50. HOW DO YOU SEE IT? The graph represents the 
known melting points of all metallic elements 
(in degrees Celsius). 


~38.93 ~38.91 -38.89 —38.87 —38.85 —38.83 


a. Write an inequality represented by the graph. 


b. Is it possible for a metallic element to have a 
melting point of —38.87°C? Explain. 


51. DRAWING CONCLUSIONS A one-way ride ona 
subway costs $0.90. A monthly pass costs $24. Write 
an inequality that represents how many one-way rides 
you can buy before it is cheaper to buy the monthly 
pass. Is it cheaper to pay the one-way fare for 
25 rides? Explain. 


One-way ride................... $0.90 
Monthly pass................ $24.00 


52. MAKING AN ARGUMENT The inequality x < 1324 
represents the weights (in pounds) of al] mako sharks 
ever caught using a rod and reel. Your friend says this 
means no one using a rod and reel has ever caught a 
mako shark that weighs 1324 pounds. Your cousin 
says this means someone using a rod and ree] has 
caught a mako shark that weighs 1324 pounds. Who is 
correct? Explain your reasoning. 


) 53. CRITICAL THINKING Describe a real-life situation that 
can be modeled by more than one inequality. 


54. MODELING WITH MATHEMATICS in 1997, 
Superman’s cape from the 1978 movie Superman 
was sold at an auction. The winning bid was $17,000. 
Write and graph an inequality that represents the 
amounts all the losing bids. 


MATHEMATICAL CONNECTIONS In Exercises 55-58, 
write an inequality that represents the missing 
dimension x. 


55. Theareaislessthan 56. The area is greater than 
42 square meters. or equal to 8 square feet. 


Re 
6m 
10 ft 
x 


57. The areais less than 58. The area is greater than 
18 square centimeters. 12 square inches. 


2 in. 
% 
x 
-—— 8 cm ———+ 


59. WRITING A runner finishes a 200-meter dash in 
35 seconds. Let r represent any speed (in meters 
per second) faster than the runner’s speed. 


a. Write an inequality that represents r. Then graph 
the inequality. 


b. Every point on the graph represents a speed faster 
than the runner’s speed. Do you think every point 
could represent the speed of a runner? Explain. 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Solve the equation. Check your solution. (Section /. 


!) 
60. x+2=3 ih peas 


62. 6=4+y 63. —12=y- 11 


Identify the property of equality that makes Equation 1 and 2 equivalent. (Section /./) 
64. 65. 


Equation! 3x+8=x- 1 
Equation2 3x+9=x 


Equation! 4y = 28 
Equation2 y=7 
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if students need help... 


If students got it... 


Resources by Chapter 
e Practice A and Practice B 
© Puzzle Time 


Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


Solving Inequalities Using 


Dynamic Teaching Tools 


Addition or Subtraction 


Dynamic Assessment & Progress Monitoring Too} 


TEXAS ESSEN i i j 
9 Pe ice Ns SCs Essential Question How can you use addition or subtraction to PSNR M | 
ASB solve an inequality? Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 
A.5.B The student is expected to solve 


linear inequalities in one variable, 
including those for which the application 


FSG INO NEM Quarterback Passing Efficiency 


Work with a partner. The National CSllegiate Athletic Association (NCAA) uses 
the following formula to rank the passing efficiencies P of quarterbacks. 


_ 84Y + 100C + 3307 — 200N 
A 


P 


Y = total length of all completed passes (in Yards) C = Completed passes 


T = passes resulting in a Touchdown N = iNtercepted passes of the distributive property is necessary 
A = Attempted passes M = incoMplete passes and for which variables are included on 
APPLYING both sides. 
MATHEMATICS 
ae , Touchdown 
Reena Completed oy touchdown ANSWERS 
analyze important Atemps <> Ineceped 1. a. no; Itis also possible for the 


relationships and then Incomplete 
draw conclusions, using 
tools such as diagrams, 


flowcharts, and formulas. 


number of touchdowns to equal 
the number of completed passes. 


Determine whether each inequality must be true. Explain your reasoning. 


fe Pate b. C+NSA «a N<A GL, Al = (Cee iM 


“EXPLORATION 2 Finding Solutions of Inequalities 


Work with a partner. Use the passing efficiency formula to create a passing record that 
makes each inequality true. Record your results in the table. Then describe the values of P 
that make each inequality true. 


b. yes; Completed and intercepted 
passes are both included in 
attempts. 


c. no; It is also possible for the 
number of intercepted passes to 
equal the number of attempts. 


d. yes; After subtracting completed 
passes from attempts, all 
remaining passes could be 
incomplete. 


| 


_— . . 
Attempts Completions | Yards fei Interceptions 


1 i 


2. a. Sample answer: 25; 5; 100; 
0; 10; negative numbers 
b. Sample answer: 10; 9; 600; 4; 
0; numbers greater than or equal 
to 150 
c. Sample answer: 10; 7; 300; 2; 1; 
numbers greater than 170 


a0 
b. P + 100 > 250 
Cure — 250) >5— 30 


Communicate Your Answer 
3. How can you use addition or subtraction to solve an inequality? 
3. Add or subtract the same number to 


4. Sol hi lity. < : ; 
ga oe or from each side of the inequality to 


fh fears) ec iy eo 3) eS ‘ : 2 
create an equivalent inequality. 
G, dae 2 Gk =e eae Il 
4. a x<]1 
Section 2.2. Solving Inequalities Using Addition or Subtraction 53 b. x28 
ce x<6 
die 3 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigldeasMath.com. 


Section 2.2 53 


Extra Example 1 What You Will Learn 


Solvex — 5 < --3. Graph the solution. Solve inequalities using addition. 
eae. > Solve inequalities using subtraction. 


Core Vocabulary... Use inequalities to solve real-life problems. 


eguivalent inequalities, p. 54 ee ‘ ae 
Solving Inequalities Using Addition 


Just as you used the properties of equality to produce equivalent equations, you 
can use the properties of inequality to produce equivalent inequalities. Equivalent 
inequalities are inequalities that have the same solutions. 


Previous 
inequality 


MONITORING PROGRESS 
ANSWERS 


ees G) Core Concept 
= Addition Property of Inequality 
SSCS ort 
Words Adding the same number to each side of an inequality produces 


an equivalent inequality. 


2. m<B8 Numbers —3 < 2 =3 2-10 
ee tpt a seg gee ao see : 
0 2 4 6 8 1G Oe =7 
3 ee Algebra Ifa>b,thenat+c>bt+e. Ifa2b,thna+c2bt+-c. 
eae: 5 Ifa<b,thena+c<b+c. IRfasb,thnat+cs bic. 
2 
SSS Sa OSS 
a = D 4 2 The diagram shows one way to visualize the Addition Property of Inequality 
when c > 0. 
Shas 7G, 
ae “- +4 + 
a <E 5 Elie (6 < fois (e 


EXAMPLE 1 Solving an Inequality Using Addition 


Solve x — 6 2 —10. Graph the solution. : 


SOLUTION 
=O 2 10) Write the inequality. 


api se Add 6 to each side. 


Addition Property of Inequality 


ig Simplify. 


> The solution is x > —4, 


x=—4 
i a eee 0 1 2 
REMEMBER y : 


To check this solution, x = —5 is nota solution. x = 0is asolution. } 
substitute a few numbers — = 
to the left and right 


of —4 into the original os 
Monitoring Progress ) Help In English and Spanish at BigideasMath.com 


inequality. 
Solve the inequality. Graph the solution. 
I 1 
wo 2 > =o (2, GR 3) SS Eb w= Fi 
54 Chapter 2 Solving Linear Inequalities 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


Differentiated Instruction 


Kinesthetic 
| To help students understand the difference between the solutions of equations and inequalities, 


write the equation x + 5 = 10 and the inequality x + 5 > 10 on the board. Ask two students to 

| assist you at the board. Assign the equation to one student to solve and graph on a number line. 

Assign the inequality to the second student to solve and graph on a number line. Have students 
discuss how and why the solutions are different. 


54 Chapter 2 


ii aes , : 
Solving Inequalities Using Subtraction Extra Example 2 


@ Core Concept Solve each inequality. Graph the solution. 
Subtraction Property of Inequality a.s+182215>3 
Words Subtracting the same number from each side of an inequality produces 
an equivalent inequality. 5; 25 |i 1) eee 

Numbers -—3 < 1 ca 20) 

=§ =§5 =f =7 t), OD Ss peak ee SIL 

SS 4 OS 27) 
Algebra Ifa>b,thna-c>b*c. Ifa2>b,thna—c2>b-—c. -7.6 -7.4 7.2 -7.0 6.8 


hes pihenia—-e¢ sie Iii Milani Sve Sih — ce, 


MONITORING PROGRESS 


The diagram shows one way to visualize the Subtraction Property of Inequality ANSWERS 
when c > 0. 4. pos 


= b~ b 
a ie Cc a = 5, Z > 5 
Shea 
PONV eave Solving an Inequality Using Subtraction 0 3 Mae 2 25 
Solve each inequality. Graph the solution. 6. DES 
Ah ar SS) b. -8<14+m =3 
SSR esr 
SOLUTION CO Neen 
fh Wares 8 Write the inequality. 
Subtraction Property of Inequality } = 28 Subtract 8 from each side. 
—= ‘ ye 3 Simplify. 


The solution is y < —3. 
y=-3 


iy =e idbse ae Write the inequality. 
( Subtraction Property of Inequality i -—14 —-14 Subtract 1.4 from each side. 
Zhe ie Simplify. 


P The solution is m > —9.4. 
(ith le 


=ERG) SCs} SRN7) SGU SEE Gil =O); Gl ia) AH) Ei) 
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Solve the inequality. Graph the solution. 
GaP WS 23) 


ni 


A ELE S 3 Baa Sat 
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Section 2.2 55 


Extra Example 3 

An electric grill that uses 1600 watts 

of electricity is plugged into the circuit 
described in Example 3. 

a. Write and solve an inequality that 
represents how many watts you can 
add to the circuit without overloading 
the circuit. 1600 + w < 1800; 

w < 200; You can add up to 

200 watts. 

In addition to the electric grill, which 
of the appliances listed in the table 
in Example 3 can you plug into the 
circuit at the same time without 
overloading the circuit? clock radio 


MONITORING PROGRESS 
ANSWERS 


7. no; The additional electricity must be 
less than 800 watts, and the toaster 
uses 800 watts. 


Solving Real-Life Problems 


DeNVide=eem § Modeling with Mathematics 


A circuit overloads at 1800 watts of electricity. You plug a microwave oven that uses 
1100 watts of electricity into the circuit. 


a. Write and solve an inequality that represents how many watts you can add to the 
circuit without overloading the circuit. 


b. In addition to the microwave oven, which of the following appliances can you plug 
into the circuit at the same time without overloading the circuit? 


| Ap pliance | Watts 
Clock radio 50 
Blender 300 
Hot plate 1200 
Toaster 800 | 
SOLUTION . 


1. Understand the Problem You know that the microwave oven uses 1100 watts 
out of a possible 1800 watts. You are asked to write and solve an inequality that 
represents how many watts you can add without overloading the circuit. You also 
know the numbers of watts used by four other appliances. You are asked to identify 
the appliances you can plug in at the same time without overloading the circuit. 


2. Make a Plan Use a verbal model to write an inequality. Then solve the inequality 
and identify other appliances that you can plug into the circuit at the same time 
without overloading the circuit. 


3. Solve the Problem 


( Subtraction Property of Inequality — 1100 


56 Chapter 2 


| Closure 


Watts used by Additional Overload 
Words : ar 

microwave oven watts wattage 
Variable —_ Let w be the additional watts you can add to the circuit. 
Inequality 1100 ar w < 1800 

1100 +w< 1800 Write the inequality. 

— 1100 Subtract 1100 from each side. 
w< 700 Simplify. 


> You can add up to 700 watts to the circuit, which means that you can also plug 
in the clock radio and the blender. 


4. Look Back You can check that your answer is correct by adding the numbers of 
watts used by the microwave oven, clock radio, and blender. 


1100 + 50 + 300 = 1450 


The circuit will not overload because the total wattage is less than 1800 watts. 


Monitoring Progress of) Help in English and Spanish at BigldeasMath.com 


7. The microwave oven uses only 1000 watts of electricity. Does this allow you to 
have both the microwave oven and the toaster plugged into the circuit at the same 
time? Explain your reasoning. 


Solving Linear Inequalities 


¢ Think-Pair-Share: Solve and graph. 


Nar 38 & =Y 


3 
(GS Ue 
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eS Ps 


2.2 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


1. VOCABULARY Why is the inequality x < 6 equivalent to the inequality x — 5 < 6 — 5? 


2. WRITING Compare solving equations using addition with solving inequalities using addition. 


* 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3—6, tell which number you would add to 
or subtract from each side of the inequality to solve it. 


Q, kee =P 4. v-2>14 
5. -12>b-9 6. -6<17 +p 


In Exercises 7—20, solve the inequality. Graph the 
solution. (See Examples J and 2.) 


Us f= te) Gi Jl Syme 
Son | 10. c—12>—-4 
arta < 5 45 83 SS ae gp 

TE, se iss i WED Ilseeise 8) 

Hy fi = (= 2) 2 Ne) 165) 6577 > (15) 
le Jape — 3 e5 ST Pose 2 => 


SEE), IMO) 22 Bhp — yp 7) PAN, WES Sie te Ge SS Ge GS 
In Exercises 21-24, write the sentence as an inequality. 
Then solve the mequality. 


21. A number plus 8 is greater than 11. 
22. A number minus 3 is at least —5. 
23. The difference of a number and 9 is fewer than 4. 


24. Six is less than or equal to the sum of a number 
and 15. 


25. MODELING WITH MATHEMATICS You are riding a 
train. Your carry-on bag can weigh no more than 
50 pounds. Your bag weighs 38 pounds. 
(See Example 3.) 


a. Write and solve an inequality that represents how 
much weight you can add to your bag. 


b. Can you add both a 9-pound laptop and a 5-pound 
pair of boots to your bag without going over the 
weight limit? Explain. 


26. MODELING WITH MATHEMATICS You order the 
hardcover book shown from a website that offers free 
shipping on orders of $25 or more. Write and solve an 
inequality that represents how much more you must 
spend to get free shipping. 


Price. $19.76 
ERROR ANALYSIS In Exercises 27 and 28, describe and 


correct the error in solving the equation or graphing 
the solution. 


—17<x-14 


27. i 
x -17+14<x-144+14 


ie) SY 


sh =f Ss Se =] 


[Oar ee SS 
(ap Wiaiae sees —E) 


x2—2 


28. 


Sal elieot0 —9e 8) feeb 


29. PROBLEM SOLVING An NHL hockey player has 
59 goals so far in a season. What are the possible 
numbers of additional goals the player can score 
to match or break the NHL record of 92 goals 
in a season? 
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SUPPORTING English Language Learners 


Exercise 25 describes a trip. Have students describe the process of planning for a trip. Ask what is 


done with bags before the trip. (They are weighed.) 


Beginning Tell what the carry-on bag weighs. (38 pounds) 

Intermediate Use a complete sentence to give the weight of the bag. 

Advanced Describe the difference between the weight of the bag and the weight limit. 
Advanced High Provide the explanation for part (b). 


ELPS 1.A.2 Use prior experiences to understand meanings in English. 


Assignment Guide and 


Homework Check 


ASSIGNMENT 
Basic: 1-6, 7-29 odd, 30, 36, 39-46 
Average: 1, 2—32 even, 36—46 


Advanced: 1, 2, 16-19, 20-24 even, 
26-38 even, 39-46 


HOMEWORK CHECK 


Basic: 5, 7, 13, 25 
Average: 8, 18, 22, 26 
Advanced: 16, 17, 24, 26 


ANSWERS 
1. Subtraction Property of Inequality 


2. Sample answer: In both cases the 
same number is added to each side 
to obtain an equivalent mathematical 


sentence. 
3. subtract 11 
4. add2 
5. add9 
6. subtract 17 
Us = 
=4 
tH HH 
= = 2B A 
8. s29 
9 
<4  e 
A 6 8 iO 2 
pS 7 
7 
— OHH 
® 2 & & 8 
10. c>8 
<0 
4 6 8 10 12 14 
reall 
1 
tt ttt 
=) = @ 2 2 
12. y>—16 
<1 ee 
MG 1G = = =10 
IR ess 2 
<0 
4 2 ®@ 2 4 
14. g<12 
12 
0 HH 
7 9 Ti 12 a iW 
15. h>8 
8 
<-++e 


16-29. See Additional Answers. 
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30. MAKING AN ARGUMENT In an aerial ski competition, 34. THOUGHT PROVOKING Write an inequality that has 


3 . you perform two acrobatic ski jumps. The scores on the solution shown in the graph. Describe a real-life 
Dynamic Teaching Tools the two jumps are then added together. situation that can be modeled by the inequality. 
Dynamic Assessment & Progress Monitoring Tool : 

F F eo - Ski Competitor's Your 10 11 12 13 14 15 16 17 18 19 20 
Interactive Whiteboard Lesson LITA atu un jump | __ score ate ee a Bee 
Dynamic Classroom with Dynamic Investigations i 117.1 119.5 35.1 WRITING! 1s {poscibleto check allt vermanerne 

A | 119.8 | the solution set of an inequality? When you solve 


the inequality x — 1] 2 —3, which numbers can you 


a. Describe the score that you must earn on your check to verify your solution? Explain your reasoning. 
second jump to beat your competitor. 


ANSWERS 


30. a. score greater than 117.4 points 


b. they both are; Both scores are b. Your coach says that you will beat your competitor 36. HOW DO YOU SEE IT? The diagram represents the 


han edna if you score 118.4 points. A teammate says that numbers of students in a school with brown eyes, 
greater than 4 points. you only need 117.5 points. Who is correct? brown hair, or both. 
31. A; D; Subtract 3 from each side; Explain. 


order of inequality reverses for 
opposites 

825 MAL ae WSS) ae eK S88 << Dil IS 

33. 64+ 4.9 + 4.1 + x<18.7,x%<3.3 

34. Sample answer: x + 34 <50; A shelf 
can safely support 50 pounds. The 
combined weight of items on the 
shelf is 34 pounds. x represents the 


31. REASONING Which of the following inequalities are 
equivalent to the inequality x — b < 3, where b isa 
constant? Justify your answer. 


@ x«-b-3<0 GD OS b=243 
© x<3-6b ( -3<b-x 


MATHEMATICAL CONNECTIONS In Exercises 32 and 33, 
write and solve an inequality to find the possible values 
of x. 


Determine whether each inequality must be true. ; 
Explain your reasoning. 


possible weights of items that can be a. H2E b. H+102E 
32. Perimeter < 51.3 inches 
put on the shelf safely. @, HZ I d. H+ i02>X 
35. no; Sample answer: 3,7, 8, 9, my, (eis oe % Bie Os 
and 12; There are infinitely many ree xin e. = : 
2 in. NT tee aN AM en RITTER ETT 1 IFT TRA TIME MTA TANT TAT 


solutions. Check 8 and a few numbers 
greater than and less than 8. 


36-46. See Additional Answers. 


37. REASONING Write and graph an inequality that 
Aston represents the numbers that are not solutions of 
each inequality. 
33. Perimeter < 18.7 feet 


a.x+8< 14 
4.1 ft [hy ce = NY Se 
4.9 ft 38. PROBLEM SOLVING Use the inequalities c — 3 2 d, 
xft b+4<a+l,anda—2<d-— 7toordera, b,c, 


and d from feast to greatest. 


Mini-Assessment 


Solve the inequality. Graph the 
solution. 


le a= 2S = 3 LD 


Find the product or quotient. (Skills Review Handbook) 


SSS ae 


ee ee ah ae ee) 2, Jol) 40) ie) (i Soest =s)) 42. 20 (5) 


Solve the equation. Check your solution. (Section /./) 
LAB ip— 3B ins 
43. 6x = 24 44. —3y=—18 
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&, fae D <3 fh <=? 


a 
5 ath SS =2 =i] 0 1 2 


GR a eee) cok If students need help... If students got it... 
Resources by Chapter Resources by Chapter 

© Practice A and Practice B e Enrichment and Extension 
5. A shirt that you want to buy costs e Puzzle Time ¢ Cumulative Review 
$15.50. You can use a $5 discount 
coupon if you spend at least $20. 
Write and solve an inequality that 
represents how much more you 
must spend to use the $5 coupon. 
x + 15.5 = 20; x = 4.5; You must 


spend at least $4.50 more. 


Student Journal 


: Start the next Section 
e Practice 


Differentiating the Lesson 
Skills Review Handbook 
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TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


A.5.B 


ANALYZING 
MATHEMATICAL 
RELATIONSHIPS 


To be proficient in math, 
you need to investigate 
relationships, observe 
patterns, and use your 
observations to write 
general rules. 


Solving Inequalities Using 
Multiplication or Division 


Essential Question How can you use division to solve an 


inequality? 


EXPLORATION 1 


Writing a Rule 


Work with a partner. 


a. Copy and complete the table. Decide Which graph represents the solution of the 
inequality 6 < 3x. Write the solution of the inequality. 


. BB Che eae 2 | B 4 5 
3x = 3) | 
od | | 
6 < 3x | No | | | | 
<4 HH ~<_|—_+}$— 
=i 0 | 2 33 4 5 =i] 0 1 a 3 4 5 


b. Use a table to solve each inequality. Then write a rule that describes how to use 
division to solve the inequalities. 


i, re ea! 


Sake VIO A Writing a Rule 


Work with a partner. 


ii, 3) ee Bie lil, 2x < 8 iv. 6 > 3x 


a. Copy and complete the table. Decide which graph represents the solution of the 
inequality 6 < —3x. Write the solution of the inequality. 


| » = 4 | -3 21 Sj 0 na 
Rey lee os 
| —3x | 
es : = i a. 
| 6 < -3x | | 
——— ht tH SSS Sa 
-5 -4 -3 -2 -i 0 | =5, —4) = 3) 7-2 — 1 0 1 


b. Use a table to solve each inequality. Then write a rule that describes how to use 
division to solve the inequalities. 


i. —2x <4 ih, 2) = Si i See 3 INA (o) 2 be 


Communicate Your Answer 

3. How can you use division to solve an inequality? 

4. Use the rules you wrote in Explorations 1(b) and 2(b) to solve each inequality. 
@ IOq— =e Gh =sho es 10) 


ay ix = 21 b. 12 $ 4x 


Section 2.3 Solving Inequalities Using Multiplication or Division 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
+3 Knowledge and Skills 
A.5.B The student is expected to solve 
linear inequalities in one variable, 
including those for which the application 
of the distributive property is necessary 
and for which variables are included on 
both sides. 


ANSWERS 
1. a. 0; 3; 6; 9; 12; 15; no; no; no; yes; 
yes; yes; right graph; x > 2 
b. i. 


ii. x<l 


see 


iii. x <4 

iv. x $2 

Dividing each side of an 
inequality by the same positive 
number produces an equivalent 
inequality. 


My fe ise eS be Se Oe ie Wene Wess 
yes; no; no; no; no; left graph; 
ee 

[Ds 1h ses 2 
th £2 = 
it, sss a) 
he Se =z 


When dividing each side of an 
inequality by the same negative 
number, the direction of the 
inequality must be reversed to 
produce an equivalent inequality. 
3. Divide each side of the inequality by 
the same number. If the number is 
positive, this produces an equivalent 
inequality. If the number is negative, 
the inequality must be reversed to be 


equivalent. 
4. a. x <3 
b. x23 
GQ BE=2 
dae 210 
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Extra Example 1 


a. Solve —4 > ~. Graph the solution. 
<= I6 


if 2 =i) 


MONITORING PROGRESS 


ANSWERS 

I, @2=7/ 
SSS OS 
Bo =7 <5 

Ay WS = By 
—- 
—34 -32 -30 

3. b29 
<—++e 
ee 

4. q<—l12 
HO 
= 2 10 
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What You Will Learn 


Pm Solve inequalities by multiplying or dividing by positive numbers. 
P Solve inequalities by multiplying or dividing by negative numbers. 
p> Use inequalities to solve real-life problems. 


Multiplying or Dividing by Positive Numbers 


@ Core Concept 


Multiplication and Division Properties of Inequality (c > 0) 


Words Multiplying or dividing each side of an inequality by the same positive 
number produces an equivalent inequality. 


Numbers =O. 8 (3) Ss ty) 
G. = 

2+(-6) <2°8 —_>—_— 

(—6) 5G 

12 6 32-4 


Algebra If a> bandc > 0, then ac > be. ifa> bande > Othe 
ge € 


If a < bandc > 0, then ac < be. ifd < bande > 0, then a 
Cc c 


These properties are also true for < and >. 


“EXAMPLE 1 Multiplying or Dividing by Positive Numbers 


Solve (a3 > —5 and (b) —24 2 3x. Graph each solution. 


SOLUTION 


x 
a. =>-—-5 


8 Write the inequality. 


( Multiplication Property of Inequality 8° = = 8 o (—3) Multiply each side by 8. 
x> —40 Simplify. 
el x>-40 
p> The solution is x > —40. SS 


b. —24 > 3x Write the inequality. 
| Division Property of Inequality }—> = 2 > Divide each side by 3. 
— —= = Simplify. 
p> The solution is x < —8. x=-8 


10 ©) 8 7 6 
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Solve the inequality. Graph the solution. 


] 


1b fSSi 2. -6.4 2 =w 3. 4b > 36 4. -18 > 1.5¢ 
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Solving Linear Inequalities 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


English Language Learners 


| Pair Activity 
_ Have students work in pairs to solve inequalities. Each student solves a different inequality. 
_ Students share their work and explain their reasoning while their partners follow along. 


Multiplying or Dividing by Negative Numbers 


© Core Concept 


Multiplication and Division Properties of Inequality (c < 0) 


Words When multiplying or dividing each side of an inequality by the same 
negative number, the direction of the inequality symbol must be reversed 
to produce an equivalent inequality. 


Numbers She 5 GS = 
6m —s 
2 +(-—6) > -2+8 bam =5 
12S =I) —3<4 
COMMON ERROR Algebra Ifa > hbandc < 0, then ac < be. a> bande <0, then 2 <2 


A negative sign in an 
inequality does not 
necessarily mean you must 
reverse the inequality 
symbol, as shown in 
Example 1. 


Ifa < bandc < 0, thenac > be. Ifa Pande Othe 
é 


These properties are also true for < and >. 


a ae vetoes ineqaality aN igeaea Multiplying or Dividing by Negative Numbers 


symbol when you multiply 
or divide each side by a 
negative number. 


Solve each inequality. Graph each solution. 


a 2<=, ih, =ty & = 3S 
SOLUTION 
a. 2< a Write the inequality. 
( Multiplication Property of Inequality }—> —3+2> —3+ = Multiply each side by ~3. Reverse the inequality symbol. 


-6>y Simplify. 


p> The solution is y < —6. 


ih Ty S = 3S Write the inequality. 
Division Property of Inequality > a 2 — Divide each side by —-7. Reverse the inequality symbol. 
. y25 Simplify. 
The solution is y > 5. yee 
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Solve the inequality. Graph the solution. 


Be a eee. 
Ea) es TN 
Gh =p S Oe) OM a 2 10. —0.4y = -12 
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Extra Example 2 
Solve each inequality. Graph each solution. 


qs ee 7] 


i 


MONITORING PROGRESS 
ANSWERS 
p> —2Bs 


SSS eae 
-32 -30 -28 -26 —24 


a: 


10. 


see MS) 


SSS aaa 


21 


23 


Z2 = 10 


SSeS 
-8 -6 -4 -2 


110) 


WES = 


Wi 


Zoe 7 ees 


Section 2.3 


0 


61 


Extra Example 3 

You earn $8.50 per hour at the sub 

shop. Write and solve an inequality that 
represents the numbers of hours you 
need to work to earn $187 to buy a tablet 
computer. 8.5h > 187; > 22; at least 
22 hours 


MONITORING PROGRESS 


ANSWERS 
11 025e = 365) a4 


12. 109 < 55,123 
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Solving Real-Life Problems 


SN iauae =©Modeling with Mathematics 


You earn $9.50 per hour at your summer job. Write and solve an inequality 
that represents the numbers of hours you need to work to buy a digital camera that 
costs $247. 


SOLUTION 


1. Understand the Problem You know your hourly wage and the cost of the digital 
camera. You are asked to write and solve an inequality that represents the numbers 
of hours you need to work to buy the digital camera. 


2. Make a Plan Use a verbal model to write an inequality. Then solve the inequality. 
3. Solve the Problem 


Hourly | Hours & Cost of 


Words 2 
wage worked ~ camera 


Variable Let n be the number of hours worked. 


inequality 95 - n 2 247 


REMEMBER 
Compatible numbers are 
numbers that are easy to 
compute mentally. 
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| Closure 


‘Division Property of Inequality } 


9.5n > 247 Write the inequality. 
9.5n , 247 a ‘ 
——— 
5 205 Divide each side by 9.5. 
n> 26 Simplify. 


P You need to work at least 26 hours for your gross pay to be at least $247. If 
you have payroll deductions, such as Social Security taxes, you need to work 
more than 26 hours. 


4. Look Back You can use estimation to check that your answer is reasonable. 


WG $9.50/h 
$250 = $10/n = 25h Use compatible numbers. 


Your hourly wage is about $10 per hour. So, to earn about $250, you need to work 
about 25 hours. 


Unit Analysis Each time you set up an equation or inequality to represent a real-life 
problem, be sure to check that the units balance. 


“ Xx 264 = $247 
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11. You have at most $3.65 to make copies. Each copy costs $0.25. Write and solve 
an inequality that represents the numbers of copies you can make. 


12. The maximum speed limit for a school bus is 55 miles per hour. Write and solve 
an inequality that represents the numbers of hours it takes to travel 165 miles in a 
school bus. 


Solving Linear Inequalities 


e | Used to Think ... But Now | Know: Take time for students to reflect on their current 
understanding of solving inequalities involving multiplication and division. 


Exit Ticket: Solve and graph. 


AS Son ey 


=th S aby we =) 


2 a 3 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 
Homework Check 


ASSIGNMENT 
1. WRITING Explain how solving 2x < —8 is different from solving — 2x < 8. . 
: 2 = Basic: 1, 2, 3~19 odd, 27, 30-31, 33, 
2. OPEN-ENDED Write an inequality that is solved using the Division Property of Inequality where the 40-47 


inequality symbol needs to be reversed. 


Average: 1, 2-30 even, 31, 35, 40-47 


Monitoring Progress and Modeling with Mathematics Bahanced 2 Gave cvoni23 31, 
ns Se 32-38 even, 40-47 


In Exercises 3-10, solve the inequality. Graph the Sit, We = DAs 
solution. (See Example 1.) 9 =a HOMEWORK CHECK 
3. 4x <8 Ay Syi=o 25. 2x >3 26. Lly<44 Basic: 3, 7, 11, 15, 19 
5. —20 < 10n 6. 35<7t Average: 4, 8, 12, 16, 20 


ERROR ANALYSIS In Exercises 27 and 28, describe and 
correct the error in solving the inequality. 


Advanced: 6, 8, 16, 18, 29 


7 = 2 See 02 
; 2 
9. 20>4 40. -16<8; Bee 
, ~ 5 i 72 & (-6) 32 ANSWERS 
—el[— << —*+—* 
2 , &} i _ i 1 
In Exercises 11-18, solve the inequality. Graph the 18 1. When solving 2x < —8, the inequality 
solution. (See Example 2.) arn v symbol is not reversed when dividing 
eae: 12. —9y>9 oe each side by 2. When solving 
“ —2x < 8, the inequality is reversed 
13. —10 > -—2z 14. —15 < —3c THEE Olubionicha mes when dividing each side by —2. 
i er 2. Sample answer: —5x 2 25 
1S. —2]1 16. —< 16 
3 = 28. ae bh HEL 
1 2 > C te ae 
WA =< “4m Eb = = =a) =4Y < —52 =5 o 2 a 6 
-4° -4 
CRY cs 8) 
19. MODELING WITH MATHEMATICS You have $12 to ys& a 
buy five goldfish for your new fish tank. Write and nae —3 
solve an inequality that represents the prices you can The solutionis y $ 8. a ee i a 
pay per fish. (See Example 3.) - 
ah ies =e 
20. MODELING WITH MATHEMATICS A weather 29. ATTENDING TO PRECISION You have $700 to buy 
forecaster predicts that the temperature in Antarctica new carpet for your bedroom. Write and solve an a ee 0 2 
will decrease 8°F each hour for the next 6 hours. inequality that represents the costs per squarc foot that 
Write and solve an inequality to determine how you can pay for the new carpet. Specify the units of $235 
many hours it will take for the temperature to drop measure in each step. 5 
at least 36°F. n Oma 
ae 
O @ 2 a@ 6 8 
USING TOOLS In Exercises 21-26, solve the inequality. 
Use a graphing calculator to verify your answer. Ip Ee 
<= CSS 
21. 36 < 3y 22. 17v2 51 ae ees ae 
8. a< 40.8 
fa 
; : hy. ; ae ages 40.4 40.6 40.8 41.0 41.2 
Section 2.3 Solving Inequalities Using Multiplication or Division 63 
Ch We Ss 25 
25 
ett Ht 
2022524072628 
14. c <5 
18. y>9 is pee 8 
= —— en : 
Sa Sa B 7 oO Wh we 
§@ 2 4 6 & a a ee 
< 
15. n2=3 19. Sp < 2, je 6 DA ii, =) 
20. 8t 2 36,72 4.5 tg 
-3 = a: 
eres 21. y>12 paar’ 
-8 -6 -4 -2 0 22. v>3 ey <a 
16. w > —80 of) 9p SG =i 
SSS SSS 
=84 —8) —86 =78 —76 24. n> a 16 =i er) 0 2 4 
ger 32 25. x>5 ieee 25 
tO 26. y<4 5 
a4 SSS SSS ora 
pee 2. 38 27-29. See Additional Answers. 0. 2 
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30. HOW DO YOU SEE IT? Let m > 0. Match each ‘ 35. ANALYZING RELATIONSHIPS Consider the number 


Dynamic Teaching Tools inequality with its graph. Explain your reasoning. i line shown. 

— aS: Bee ee ; OSS eee 
Dynamic Assessment & Progress Monit ring Tool - fb ll a { 5 3 a x 
Interactive Whiteboard Lesson Librar 

w ‘ at Ne & 2 <1 d. == << | : a. Write an inequality relating A and B. 
m 


Dynamic Classroom with Dynamic Investigations bo Wate anarequality clans =a 


m 
A, <> : ce. Use the results from parts (a) and (b) to explain 
} why the direction of the inequality symbol 
m 4 
ANSWERS a 5 ; must be reversed when multiplying or dividing 


30. a. C; Multiplying both sides by m 
gives x < —m. 
b. A; Multiplying both sides by m 


each side of an inequality by the same 
negative number. 


: —m | 36. REASONING Why might solving the inequality 
pe D. = 2 2 by multiplying each side by x lead to an 
c. B; Multiplying both sides by m Siro (Hint: Consider x > 0 and x < 0.) 
gives BES HA 
31. MAKING AN ARGUMENT You run for 2 hours at a 37. MATHEMATICAL CONNECTIONS The radius of a 


d. D; Multiplying both sides by 
~m and reversing the inequality 
symbol gives x > —m. 
Yi &h MSOs, @ S WA 


b. yes; The distance traveled in 
4 hours would be no more than 
25.2 miles, which is less than the 
distance required for a marathon. 


speed no faster than 6.3 miles per hour. . ‘ G E 
circle is represented by the formula r = —. Write and 
a. Write and solve an inequality that represents the w 


possible numbers of miles you run solve an inequality that represents the possible 


circumferences C of the circle. 
b. A marathon is approximately 26.2 miles. 

Your friend says that if you continue to run at 

this speed, you will not be able to complete a 

marathon in less than 4 hours. Is your friend 

correct? Explain. 


; : ante: { 

32. Sample answer: x < 21 32. THOUGHT PROVOKING The inequality q < Shasa | 38. CRITICAL THINKING A water-skiing instructor 

33. more than 300 million pennies solution of x = p. Write a second inequality that also recommends that a boat pulling a beginning skier has 
has a solution of x = p. \ } a speed less than 18 miles per hour. Write and solve 


34. no; To get the second inequality, 


an inequality that represents the possible distances 
each side of the first is multiplied by 


d (in miles) that a beginner can travel in 45 minutes 


—3. To be equivalent, the inequality 33. PROBLEM SOLVING The U.S. Mint pays $0.02 of practice time. ‘ 
to produce every penny. How many pennies are 
symbol alsomecds tbe tes erceu produced when the U.S. Mint pays more than 39. CRITICAL THINKING A local zoo employs 36 people 
2, fl AS id Gir P< Al $6 million in production costs? to take care of the animals each day. At most, 24 of 
ih, =< for shs A : the employees Moss full time. Write and solve an 
34. REASONING Arex < 5 and —3x < —2 equivalent? inequality that represents the fraction of employees 
c. As numbers move farther away Explain your reasoning. who work part time. Graph the solution. 


from zero, their absolute value 
becomes larger. A > B and 
|A|>|B|. —A < —B and 

|A|> BI. 

36. Because x may represent a positive or 
negative number, the inequality may 
need to be reversed when multiplying 
by x. 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and fessons 


Solve the equation. Check your solution. (Section 1.2 and Section 1.3) 
40. S5x+3= 13 41. y- 8 
42, —3n+2=2n-3 43. 52+4=27-8 


Tell which number is greater. (Skills Review Handbook) 


37 se on 
Qi 


44. 0.8, 85% 45. 50% 46. 120%, 0.12 47. 60%, $ 


38-47. See Additional Answers. 
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Solve the inequality. Graph the 


solution. if students need help... If students got it... 


1. 6x < -—24 x < -4 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 
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2.1-2.3 What Did You Learn? 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Core Vocabulary 


inequality, p. 46 graph of an inequality, p. 48 
solution of an inequality, p. 47 equivalent inequalities, p. 54 
solution set, p. 47 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


1. The inequality symbol means that all 
the other bridges are shorter; Because 
the Xianren Bridge is the longest, 
all other bridges must have a shorter 
length. 


Core Concepts 
Section 2.1 


Representing Linear Inequalities, p. 49 


2. The value from part (a) is used to 


Section 2.2 1 (b) ae 
aan n R . answer par , 80 checking 11S 
Addition Property of Inequality, p. 54 Subtraction Property of Inequality, p. 55 S P ane g 
reasonableness is important to be sure 
Section 2.3 that the correct result is used. 


Multiplication and Division Properties of Inequality (¢ > 0), p. 60 


3. Showing the units in each step helps 
Multiplication and Division Properties of Inequality (c¢ < 0), p. 6/ 


to compare the units in the final 
answer with the expected units. 


Mathematical Thinking 


1. Explain the meaning of the inequality symbol in your answer to Exercise 47 on page S1. How did 
you know which symbol to use? 


2. In Exercise 30 on page 58, why is it important to check the reasonableness of your answer in 
part (a) before answering part (b)? 


3. Explain how considering the units involved in Exercise 29 on page 63 helped you answer 
the question. 


a a ae Swe Sis ==> ee a 
Analyzing Your Errors 
Application Errors 


What Happens: You can do numerical problems, but you . ~~“ ‘ 
struggle with problems that have context. ? 


How to Avoid This Error: Do not just mimic the steps of solving 
an application problem. Explain out loud what the question is 
asking and why you are doing each step. After solving the 

problem, ask yourself, “Does my solution make sense?” 
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ANSWERS 


1. z-6211 
A W2S =I.Simp sb 4 
Write the sentence as an inequality. (Section 2.1) 
am oS) 
1. A number z minus 6 is greater than or equal to 11. 
4. x28 a @ 
2. Twelve is no more than the sum of —1.5 times a number w and 4. 
Bh WSO 
SS Write an inequality that represents the graph. (Section 2./) 
=e 0 2 4 6 8 
Gee 5 Bowe 
-5 -4 -3 -2 -1 ® 4 2 38 4 5 
a 
=i =D 0 2 4. i 
a. y> if 6 7 8 | 10 «11 12 13 14 15 16 
1 
te Oe ee rt Solve the inequality. Graph the solution. (Section 2.2 and Section 2.3) 
0 2 4 
b Sara s 15} Ge B= (I< S 
> 
8. p26 ie ee 8. 3p218 
<— ee eee 
0 2 8 Be ie 9 6>— 10. —20x > 5 
, iS = 12 = 
i Oe ee a 


11. Three requirements for a lifeguard training course are shown. 


(Section 2.1) LIFEGUARDS NEEDED 


a. Write and graph three inequalities that represent the requirements. Take Our Training 
Course NOW!!! 


10. x<-G 


-i b. You can swim 250 feet, tread water for 6 minutes, and swim 35 feet j ee : 
: oe 5 Lifeguard Training Requirements 
a tO underwater without taking a breath. Do you satisfy the requirements ; 
a ol 0 ie ey grin © Swim at least 100 yards. 
2 austere @ Tread water for at least 
5 minutes. 
1. a. s 2 100 © Swim 10 yards or more 
12. The maximum volume of an American white pelican’s bill is about underwater without taking 
fa 100 200 300 700 cubic inches. A pelican scoops up 100 cubic inches of water. a breath. 
Write and solve an inequality that represents the additional volumes 
i 23 the pelican’s bill can contain. (Section 2.2) 
5 z 
i Oe 
=9) 0 2 4 6 8 13. The solution of x — a > 4is x > 11. What is the value of a? (Section 2.2) 
u2 10 
SSS — oar 
0 ie 20) 


14. The area of the triangular garden must be less than 
35 square feet. Write and solve an inequality that 


b. no; One of the requirements is to é 
represents the value of b. (Section 2.3) 


swim 100 yards, which is equal 
to 300 feet. If you only swim 
250 feet, you do not meet this 


requirement. 15. A candidate for class president receives 57 votes, which is at least 30% of the total 
number of votes. Write and solve an inequality that represents the rumbers of students 
12. V+ 100 < 700; V < 600 who cast votes. (Section 2,3) 
13. a=7 


4 5b 352 b= 7 tt 


15. 57 = 0.34; x < 190 
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SUPPORTING English Language Learners 


Point out the ad for lifeguards in Exercise 11. Explain that the meaning of /ifeguard can be guessed 
by knowing the meanings of the words /ife and guard. The picture of a lifesaver also helps convey 
the meaning of the ad. 


Beginning State two actions a lifeguard must perform. (swim, tread water) 

Intermediate State one training requirement. 

Advanced Summarize the training requirements. 
| Advanced High Summarize the ad. 


| ELPS 4.C.2 Derive meaning of environmental print. 
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L 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A5.B 


JUSTIFYING 
STEPS 


To be proficient in math, 
you need to justify each 
step in a solution and 
communicate your 
justification to others. 


Solving Multi-Step Inequalities 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Essential Question How can you solve a multi-step inequality? 


‘EXPLORATION 1 Solving a Multi-Step Inequality 


Work with a partner. 


Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
+3 Knowledge and Skills 
A.5.B The student is expected to solve 
linear inequalities in one variable, 
including those for which the application 
of the distributive property is necessary 
and for which variables are included on 
both sides. 


© Use what you already know about solving equations and inequalities to solve each 
multi-step inequality. Justify each step. 


Match each inequality with its graph. USe a graphing calculator to check 
your answer. 


Hy be ap 3S Se Sm 5) lj, = Dye sp 3S sesh © 


() 27) 2 Sreae ave Gk, ==8he se 2k — WG S Sire se The 


G ee = 3) = Sx > Se = © 16, one 


(oye SS ee 


ANSWERS 

1. a. x <2; Subtract x and 3 from each 
side; B 
x < —2; Subtract x and 3 from 
each side; Divide each side by 
aan oreree,| aa Bi AN 
c. 3 2.x; Divide each side by 9; E 
—2 <x; Add 6x to each side; 
Divide each side by 8; C 


-4 

4 

{ e. x > 3; Add 3x and 9 to each side; 

eee D 
a 1 f. x2 —4; Add 9x to each side; 
Divide each side by —2; F 

Simplify each side, if possible, then 
use Inverse operations to isolate 
the variable. Reverse the inequality 
symbol if multiplying or dividing by 
a negative number. 


Communicate Your Answer 


2. How can you solve a multi-step inequality? 


3. Write two different multi-step inequalities whose solutions are represented 


by the graph. 3. Sample answer: 3x +4<1, 
= = Ms 5 
Sie 
s@  =<5 =i =<§ =f <4 0 1 2 
Section 2.4 Solving Multi- Step Inequalities 67 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Section 2.4 67 


Extra Example 1 2.4 Lesson 


Solve each inequality. Graph each 
solution. 


eee = hee 0) 


6 8 10 12 14 
Diseases 3 
ee eee ee 


af ab Sh Soe eee 


MONITORING PROGRESS 


ANSWERS 
il, eB 
——— OH 
=“ =f 8 @ 
he ERE 
— +--+ + 4H - 
@ 2 a&@ &@ 
S&S READ 
tO tt 
=—§ <i <2 @ ® 
ay We 2 
=3 
++ 


68 Chapter 2 


What You Will Learn 


> Solve multi-step inequalities. 
> Use multi-step inequalities to solve real-life problems. 


Solving Multi-Step Inequalities 


To solve a multi-step inequality, simplify each side of the inequality, if necessary. Then 
use inverse operations to isolate the variable. Be sure to reverse the inequality symbol 
when multiplying or dividing by a negative number. 


EXAMPLE 1 Solving Multi-Step Inequalities 


Solve each inequality. Graph each solution. 


eer wie b. 2v— 428 
SOLUTION 
a. 2; rig Y Write the inequality. ‘ 
ey =] Subtract 7 from each side. 
= aw Simplify. 
-6° =r. So Shei Multiply each side by ~6, Reverse the inequality symbol. 
is S12 Simplify. 


P The solution is y > —12. 


ai = 1G = Ul = =1 =e =G sth <2 0 


|), Qreoad es & Write the inequality. 
apa geil Add 4 to each side, : 
ON ee Simplify. 
= 2 = Divide each side by 2. 
v26 Simplify. 
p> The solution is vy > 6. 
v=6 


=2 0 2 4 6 8 10 12 14 16 18 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
Solve the inequality. Graph the solution. 
1.4b-1<7 a = Yee =2s 


2 ee A625 


Solving Linear Inequalities 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


Build on Past Knowledge 


English Lang ‘Lear 


Explain to students that when they solve multi-step inequalities, they will use a process similar 
to the one they used to solve multi-step equations. They will be using inverse operations and 


68 Chapter 2 


performing one step at a time in order to isolate the variable. 


ANALYZING 

MATHEMATICAL 

RELATIONSHIPS 
When the variable 
terms on each side of an 
inequality are the same, 
the constant terms will 
determine whether the 


inequality is true or false. 


EXAMPLE 2 Solving an Inequality with Variables on Both Sides 


Some Gy = 5 S Bree Mil, 


SOLUTION 
CeH= Se Bese itil 
HES +5 
Gwe bese jG 
Sr 
4x < 16 


4x 16 
ae as 


= Phe 


syce 


P The solution is x < 4. 


Write the inequality. 

Add 5 to each side. 
Simplify. 

Subtract 2x from each side. 
Simplify" 

Divide each by 4. 


Simplify. 


When solving an inequality, if you obtain an equivalent inequality that is true, such 
as —5 < 0, the solutions of the inequality are all real numbers. If you obtain an 
equivalent inequality that is false, such as 3 < —2, the inequality has no solution. 


=e ttl 0 1 


Graph of an inequality whose 
solutions are all real numbers 


SS 
-2 -1 0 1 2 
Graph of an inequality 
that has no solution 


SOW IANaEM Inequalities with Special Solutions 


Solve (a) 8b — 3 > 4(2b + 3) and (b) 2(5w — 1) <7 + 10w 


SOLUTION 
ge = GS Ace 3) 
Gp —= BS Bp se 11 
Sp — 8b 


= 8) x 


Write the inequality. 
Distributive Property 
Subtract 8b from each side. 
Simplify. 


p> The inequality —3 > 12 is false. So, there is no solution. 


b. 2(5w -— 1) S$ 7+ 10w 
10w —2<¢7+ 10w 
— 10w — 10w 


Sas 


Write the inequality. 
Distributive Property 
Subtract 10w from each side. 


Simplify. 


> The inequality —2 < 7 is true. So, all real numbers are solutions. 
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Solve the inequality. 


Dp. Sie = 12) ss Shea 


i, =AGin = 1) Wap ce Se 


Section 2.4 


6, Ae 5) < Ak ae 5 
is Size) = 11) 23 Mee — II 


Solving Multi-Step Inequalities 


69 


Extra Example 2 
Solve 5x —6 = 3x4 xs 5 


Extra Example 3 


a. 


Solve 6t — 4 > 2(3t + 5). The 
inequality —4 > 10 is false. So, there is 
no solution. 


. Solve 2(2x — 3) < 9 + 4x. The 


inequality —6 < 9 is true. So, all real 
numbers are solutions. 


MONITORING PROGRESS 
ANSWERS 


Se 
6. 


De 
8. 


x<4 
all real numbers 


no solution 
i SD 
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Extra Example 4 Solving Real-Life Problems 


Your grades on 4 math tests are 79, SSIES Modeling with Mathematics 
85, 86, and 88. You want your mean - F a 
ou need a4 mean score oi at least 
grade to be at least 85. What grade | 90 points to advance to the next round of 
on your fifth test will give you a mean | the touch-screen trivia game. What scores 


score of at least 85? in the fifth game will allow you to advance? 


a grade of at least 87 adc oodjobl | 
You can do better! 


ery impressive! 


MONITORING PROGRESS 


ANSWERS SOLUTION 
9. ascore of at least 73 | 1. Understand the Problem You know the scores of your first four games. You are 
REMEMBER asked to find the scores in the fifth game that will allow you to advance. 
The mean in Example 4 is 2. Make a Plan Use the definition of the mean of a set of numbers to write an 
equal to the sum of the inequality. Then solve the inequality and answer the question. 


game scores divided by 
the number of games. 


aaa Pat Eee IIS: e sae 90 Write an inequality. 


oe) 


. Solve the Problem Let x be your score in the fifth game. 


352 +x, 


5 90 Simplity. 
Se wets 25+90 Multiply each side by 5. 
352+x2> 450 Simplify. 
= 3b) = S62 Subtract 352 from each side. 
x 298 Simplify. 


P A score of at least 98 points will allow you to advanee. 


4. Look Back You can draw a diagram to check that your answer is reasonable. 
The horizontal bar graph shows the differences between the game scores and the 
desired mean of 90. 


Game 1 ar) 
Game 2 +1 

Game 3 = (5) 

Game 4 =i 

Game 5 +8 


USS 5 eel ye BI) Se) GTS) 


To have a mean of 90, the sum of the differences must be zero. 


Sear le set © J 
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9. WHAT IF? You need a mean score of at least 85 points to advance to the next 
round. What scores in the fifth game will allow you to advance? 


Closure { | 70 Chapter 2 Solving Linear Inequalities 


e Writing: How are these 
inequalities alike? How are they 
different? 


3n — 42> -—25 
3) = 4 > =25 
34) = 4 S = 25 


| SUPPORTING English Language Learners 


| Point out the graph in Step 4. Explain that graphs help confirm answers visually. 


Beginning/Advanced Work as partners to explain Step 4. Beginning students recreate the graph 
_ and Advanced students explain how it illustrates the answer. 


Sample answer: They are alike | 
because they each use the _ | Intermediate/Advanced High Work as partners to explain Step 4. Intermediate students 
expressions (3n — 4) and (—25). explain what each bar represents. Advanced High students explain how the graph illustrates 
They are different because of the | the answer. 

| 


way the expressions are related: ELPS 4.F.2 Use visual and contextual support to enhance and confirm understanding. 
greater than or equal to (>), Ns eee ae ae 


greater than (>), and less than or ponents ma ' 
equal to (<). 
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Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


ASSIGNMENT 
1. WRITING Compare solving multi-step inequalities and solving multi-step equations. Basic: 1, 2, 3-23 odd. 29. 31. 34. 36 
Ll i t ‘, f ie f t 
2. WRITING Without solving, how can you tell that the inequality 4x + 8 < 4x — 3 has no solution? 41-43 


Average: 1, 2-30 even, 31-36, 41-43 


Advanced: 1, 2, 13-16, 22-30 even, 
31-43 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-6, match the inequality with its graph. 22. 3w-5>2wtw-7 
HOMEWORK CHECK 


Basic: 7, 13, 17, 19, 31 


So Dea pee wear g 23. 6(£+3) <3(2L2+6) 24. 2(5c —7) = 10(c — 3) 


5. —6g +2220 6. 32—f) $15 2s. (11-2) > 20-3) 26. 15(4b + 3) < 6(b + 9) 


a a ck oo ae ee 27, 9 — 6+ 62 3G) = 2) 


Average: 8, 14, 18, 20, 32 
Advanced: 14, 16, 22, 28, 32 


28. 6h — 6 + 2h < 2(4h — 3) 


ANSWERS 


1. Sample answer: The same steps can 


ERROR ANALYSIS In Exercises 29 and 30, describe and 
correct the error in solving the inequality. 


2 4 Exercises Dynamic Solutions available at BigideasMath.com 
' 
| 


re 
le ee eee eee 29. . be applied when solving multi-step 
x moe 23 inequalities and multi-step equations, 
< etGe te except that wea each side of an 
=e oe eee ee eto we inequality is divided by a negative 
x= 4 . 
number, the inequality must be 
30 reversed. 
In Exercises 7-16, solve the inequality. Graph the F -2(1-»)$2x-7 é 
Solution, (See Example 1.) 2. Sample answer: Because the terms 
ae Pees a ~2+2xS 2x-7 with the variable are the same, they 
; 3h : Ss ; : 
y af SF | will cancel, and 8 < —3 is not true. 
Y), =96 7 = By 10, Qe =27 = ie All real numbers are solutions. | 3. B 4. A 
| 
, , aC 6. D 
1. —+4>5 WZ. |r SG 
2 3 31. MODELING WITH MATHEMATICS Write and solve an 7. x>5 
inequality that represents how many $20 bills you can | 5 
1g. 226s 13) 1S ag withdraw from the account without going below the mm tt 
=o = minimum balance. (See Example 4.) 0 2 4 6 8 
15. 6 > —6(a + 2) 16. 18 < 3(b-—4) ch ys = 
sy =| 
In Exercises 17-28, solve the inequality. (See Examples Your current balance is ee a eee 
2 and 3.) Ses Ae? 02 4 
. The minimum balance 
lh b= 2 S 7 aap 18. 8n+2<8n-9 B Y gets 2 Ge pee 
: Wouid you fike to make another 
|} transaction? = a 
1, =A =De WAG A, BH NOP = WF = se ne ea | 
21. 8g -—5g-—4< -3+ 3g 10. t>—4 
SSS oe 
: F ne -8 -6 -4 - 
Section 2.4 Solving Multi-Step Inequalities 71 ieee g g 
11, w>2 
SSS 0S Sr" 
til ea 0 2 4 
16. b= 10 25. no solution 12, ms 15 
10 26. b>—9 15 
SSS See i aaa 
O14 8 #12 46 27. all real numbers Q@ &@ 8 7 1G @ 
i. ws 28. no solution 13. p< —32 


29. In the first step, you need to use the 
Distributive Property on the left side: 


18. no solution = 360-340 32) 30) 28 


a x+24> 12:x > -12 ee 
20. f>0.5 lan S12 

30. Because the final statement is false, there is <e e , 
21. ail real numbers mOeolntiont -16 -12 -8 -4 0 
ee EMSA EOS 31. 20n + 100 < 320,n <1] ee 
23. no solution 3 
24. all real numbers : > 3 
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Dynamic Teaching Tools 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
32. 25 feels = 500,h = 15 


33. 12(2x — 3)>60,x>4 


34. no; For Woodland to be cheaper, 
its total cost needs to be less than 
Forest Park’s total cost. Solving the 
inequality 20 + 55n < 100 + 35n 
indicates that Woodland is cheaper 
for no more than 4 nights, not more 
than 4 nights. 

35. 7 stories; Using the Pythagorean 
Theorem, the 74-foot ladder can 
reach at most 70 feet. Solving the 
inequality |On — 8 < 70 gives 
n S 7.8, so the ladder cannot quite 
reach the 8th story. 

36. a. $40 
b. $3.55; $8 
ce. 3.55x + 8< 40 
d. about 9 gal 

ale F228 


38. Sample answer: 
USS) ap ALS) ap 24S ap Q3.S) ap Sse : 
7 
x < 23.3; run three more races in less 
than 23.3 minutes each 


39-43. See Additional Answers. 


Mini-Assessment 


1. Solve the inequality —2x + 6 > 16. 
Graph the solution. x < —5 


Solve the inequality. 
Be Oar DS 2 =— 3 i) > =2 


3. 10x —3 < 2(5x + 1) The inequality 
—3 < 2 is true. So, all real numbers 
are solutions. 


4. 3(4s — 3) 25 + 12s The inequality 


—9 > Sis false. So, there is no 
solution. 


5. During the first 3 weeks of training, 
a runner runs 20 miles, 22 miles, 
and 21 miles. How many miles must 
she run during the fourth week to 
have a mean of at least 22 miles per 
week? at least 25 miles 


72 Chapter 2 


Dynamic Assessment & Progress Monitoring Tool ” 


24; 


32. MODELING WITH MATHEMATICS 
A woodworker wants to earn at 
least $25 an hour making and 
selling cabinets. He pays $125 
for materials. Write and solve an 
inequality that represents how 
many hours the woodworker can 
spend building the cabinet. 


12 ft 


correct? Explain. 


Justify your answer. 


Write the sentence as an inequality. 


41. Six times a number y is 
less than or equal to 10. 


Chapter 2 


If students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


Student Journal 
e Practice 


Solving Linear Inequalities 


33. MATHEMATICAL CONNECTIONS The area of the 
rectangle is greater than 60 square feet. Write and 
solve an inequality to find the possible values of x. 


(xe = 35) ii 


34. MAKING AN ARGUMENT Forest Park Campgrounds 
charges a $100 membership fee plus $35 per night. 
Woodland Campgrounds charges a $20 membership 
fee plus $55 per night. Your friend says that if you 
plan to camp for four or more nights, then you should 
choose Woodland Campgrounds. Is your friend 


35. PROBLEM SOLVING The height of one story of a 
building is about 10 feet. The bottom of the ladder 
on the fire truck must be at least 24 feet away from 
the building. How many stories can the ladder reach? 


(Section 2.1) 


42. A number p plus 7 is 
greater than 24. 


36. HOW DO YOU SEE IT? The graph shows your budget, 
and the total cost of x gallons of gasoline and a car 
wash. You want to determine the possible amounts 


' 


(in gallons) of gasoline you can buy within your budget. 


Gas Station Costs 


a. What is your budget? 


b. How much does a gallon of gasoline cost? 
How much does a car wash cost? 


c. Write an inequality that represents the possible 
amounts of gasoline you can buy. 


d. Use the graph to estimate the solution of your 
inequality in part (c). 


37. PROBLEM SOLVING For what 
values of r will the area of the 
shaded region be greater than 
or equal to 9(a — 2)? 


38. THOUGHT PROVOKING A runner’s times (in minutes) 
in the four races he has completed are 25.5, 24.3, 


24.8, and 23.5. The runner plans to run at least one : 


. ! 
more race and wants to have an average time less than | 


24 minutes. Write and solve an inequality to show 
how the runner can achieve his goal. 


REASONING In Exercises 39 and 40, find the value of 
a for which the solution of the inequality is all real 
numbers. 


SRL alGeae 2)y<s sxe ap ist = ae 


40. 3x+ 8 + 2ax 2 3ax — 4a 


Mainta ining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


43. The quotient of a number r 
and 7 is no more than 18. 


if students got it... 


Resources by Chapter 
e Enrichment and Extension 
¢ Cumulative Review 


Start the next Section 


Skills Review Handbook 


Solving Compound Inequalities 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


A.5.B 


REASONING 


To be proficient in math, 
you need to create a clear 
representation of the 
problem at hand. 


Essential Question How can you use inequalities to describe 


intervals on the real number line? 


PARC) YNUle)\Mi Describing Intervals on the Real Number Line 


Work with a partner. In parts (a)—(d), use two inequalities to describe the interval. 
* 


a. Half-Open Interval 


{lee ot 
-10-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 
b. Half-Open interval 
SSS a ae 


SO SRS eae ON oe eS On ee 2eso ede SeelGuue7) © eS 69)c10 


ce. Closed Interval 


Sie) =G) oe) yp SG Se Ele yy Oe] ee) Ge Sy 0) 


d. Open Interval 
SSS a a a a a 
-10-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 5  y 10 


OB eat) 


Do you use “and” or “or” to connect the two inequalities in parts (a)-(d)? Explain. 


FSGRS INR Describing Two Infinite Intervals 


Work with a partner. In parts (a)—(d), use two inequalities to describe the interval. 


= 


a. 
SSS) 5 ef Sa SE Sal See es) 1 ee ce AE GE PS) UN} 


i aeaa a eae eee ea 


=(O=8) <G) a7 =G =f =dl ak =z =i] @ a ws Bi 7 10 


SU =S) = av Gy ep Sel Sep ee i] AE OE GE EP Al) 


Gpees) 


e. Do you use “and” or “or” to connect the two inequalities in parts (a)-(d)? Explain. 


Communicate Your Answer 


3. How can you use inequalities to describe intervals on the real number line? 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


4 


Dynamic Teaching Tools 


Dynamic Classroom with Dynamic Investigations 


c 
d. 
e 


can sp 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 


interactive Whiteboard Lesson Library 


Texas Essential 
Knowledge and Skills 


A.5.B The student is expected to solve 
linear inequalities in one variable, 
including those for which the application 
of the distributive property is necessary 
and for which variables are included on 
both sides. 


ANSWERS 
ae 


b. 


v2 =O anal e <3 
RS = ane! ae S 4 
x 2—-4andx <5 
ie = 3) Binal <E 


and; Both inequalities need to 
be true for values that are in the 
interval. 


PE = OOS S 
ee Ole 
us Sora 2 3 
HE =D OHS 6 


or; Hither inequality needs to 
be true for values that are in the 
interval. 


3. Write 2 inequalities joined by “and” 
Cimcie 
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Extra Example 1 

Write each sentence as an inequality. 

Graph each inequality. 

a. Anumber c is less than 5 and greater 
than orequalite =25 —2 =:¢ < 5 


a a a 
$s) =1 0 1 B 2 a 5 & 


b. A number t is less than —1 or greater 
than or equal to 4. t< —lort>4 


=e) oe! 23 A 56 


MONITORING PROGRESS 


ANSWERS 
il, Oxa< iO 
10 
<0 -- 


-4 0 4 8 12 


Wn, BE-—OORG 2 —Z 
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What You Will Learn 


Write and graph compound inequalities. 


® Solve compound inequalities. 


| compound inequality, p. 74 


Use compound inequalities to solve real-life problems. 


pe ale abd Graphing Compound Inequalities 


lity is a inequality formed by joining two inequalities with the 


word “and” 0 or 9 word “or.” 


The graph of a compound inequality 
with “and” is the intersection of the 

graphs of the inequalities. The graph 
shows numbers that are solutions of 
both inequalities. 


PES 


2Sxandx <5 res 


2ex<5 Wee a8 8 


The graph of a compound inequality with 
“or” is the union of the graphs of the 
inequalities. The graph shows numbers 
that are solutions of either inequality. 


ye Ml 


VS = “2ory > ete 


=3) =2 Oe 


EXAMPLE 1 Writing and Graphing Compound Inequalities 


Write each sentence as an inequality. Graph each inequality. 


a. A number x is greater than —8 and less than or equal to 4. 


REMEMBER 


A compound inequality 
with “and” can be written 
as a single inequality. For 
example, you can write 


b. A number y is at most 0 or at least 2. 


SOLUTION 


a. A number x is greater than ~8 and less than or equal to 4. 


a 


yi 


x>-—8andx < 4as 
—8<x <4, 


Boe and 


{> P An inequality is —-8 < «<4. 


iL os 


Oe Be Ou 4 7 iO 2a 6 


b. A number y is at most 0 or at least 2. 


nN 


ys0 or y22 


> An inequality is y $ Oory 2 2. 


Oe 


a =] We 2 a a 


x4 


Graph the intersection of the 
graphs of x > —8 andx < 4. 


Graph the union of the 
graphs of y < 0 and y 2 2. 
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Write the sentence as an inequality. Graph the inequality. 


1. A number d is more than 0 and less than 10. 


2. A number a is fewer than —6 or no less than —3. 


74 Chapter 2 


Solving Linear Inequalities 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigideasMath.com. 


SUPPORTING English Language Learners 


Present the topic Writing and Graphing Compound tnequalities and Example 1 that follows. Have 


students practice speaking using the Monitoring Progress questions. 


|! Beginning Repeat Questions 1 and 2 after the teacher models them. 
| Intermediate Read aloud Questions 1 and 2. 
| Advanced/Advanced High Explain the answers to each question. 


English is acquired. 


ELPS 3.C.4 Speak using a variety of connecting words with increasing accuracy and ease as more 


Solving Compound Inequalities 


You can solve a compound inequality by solving two inequalities separately. When 


ANALYZING a compound inequality with “and” is written as a single inequality, you can solve the 
MATHEMATICAL inequality by performing the same operation on each expression. 
RELATIONSHIPS 


PONV awa §=Solving Compound Inequalities with “And” 


Solve each inequality. Graph each solution. 


To be proficient in 
math, you need to see 
complicated things as 
single objects or as 


ay =i) oe 2) es) ih =e =e ae j| = © 


being composed of ® 
several objects. 


SOLUTION 


a. Separate the compound inequality into two inequalities, then solve. 


NC om Dd) and R= Le 8 Write two inequalities. 
SE 2 Beek Ae Add 2 to each side. 
he ie and ez) Simplify. 

P The solution is -2 <x <5. a ered 


=“faa—] ) 7 2 3 4 & 
ly =2e—Bea ils © Write the inequality. 


Subtract 1 from each expression, 


Ane. s 8 Simplify. 

—4 x = ss = 8 Divide each expression by —2. 

ee =) Reverse each inequality symbol. 
BS # 2 dl Simplify. 


> The solution is —4 < x < 2. 
-5 -4-3 -2-1 0 1 2 3 


EXAMPLE 3 Solving a Compound Inequality with “Or” 


Solve 3y — 5 < —8 or 2y — | > 5. Graph the solution. 


SOLUTION 


jue je =% or y= NSS Write the inequality. 
See ae Sh sei bil Addition Property of Inequality 
ay = 3) SO Simplify. 
2 ca = 2 = s Division Property of Inequality 
yell or y>3 Simplify. 
bP The solutionis y < —lory > 3. eee ee ee ee 


= i i 2 ss 4 8 
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Solve the inequality. Graph the solution. 
Sh 5) Sse! < 10) 
5. 4c+3< 


4. —3 22h 5 7 
Go wpar Ile Sar 3) = Da ss =| 


JOE = S = 
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Solving Compound Inequalities 75 


Differentiated Instruction 


Kinesthetic/Visual 
Have pairs of students work together to graph compound inequalities. Have one student use a red 

pencil to graph the first part of the inequality. The other student uses a different color to graph | 
the second part on the same number line. For a compound inequality with “and,” the graphisthe 
interval where both colors overlap. 


Extra Example 2 
Solve each inequality. Graph each 
solution. 


A, = SME eS Stl eye al 


Sao 


=f eibesiaz =i (@ 7 gS wb 5 
b. -7< -3w-4<2 -2<w<1 
<-+— Y HH 


ees 2 e025 4s 5 


Extra Example 3 
solve 2X 6 —Zar4x — 5 > 3. Graph 
the solution. x < —4orx >2 


SS a 


bie Se eens: 4 


MONITORING PROGRESS 


ANSWERS 
3. 1<m<6 
1 
<6 OH 
© 2 A 6 
4, 1<k<6 
1 
OS Ott 
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Solving Real-Life Problems 


> ON Vimeo Modeling with Mathematics 


Electrical devices should operate effectively within a specified temperature range. 
Outside the operating temperature range, the device may fail. 


Extra Example 4 

A recommended storage temperature for 

chocolate is from 15°C to 20°C. 

a. Write and solve a compound inequality 
that represents the possible storage 
temperatures (in degrees Fahrenheit) 
for chocolate. 15 < 2(F = BY) S POE 
59 < F < 68; The storage temperature 


a. Write and solve a compound inequality that represents the possible operating 
temperatures (in degrees Fahrenheit) of the smartphone. 


b. Describe one situation in which the surrounding temperature could be below the 
operating range and one in which it could be above. 


is 59°F to 68°F. SOruiieN 
b. Describe one situation in which a le 1. Understand the Problem You know the operating temperature range in degrees 
4 Celsius. You are asked to write and solve a compound inequality that represents the 
the surrounding temperature could possible operating temperatures (in degrecs Fahrenheit) of thc smartphone. Then 
be below the storage temperature you are asked to describe situations outside this range. 
range and one in which it could 2. Make a Plan Write a compound inequality in degrees Celsius, Use the formula 
be above. Sample answer: below: G= 2(F — 32) to rewrite the inequality in degrees Fahrenheit. Then solve the 


outdoors on a cold day; above: a car inequality and describe the situations. 
; : 


parked in the sun on a hot day STUDY TIP 


3. Solve the Problem Let C be the temperature in degrees Celsius, and let F be the 
temperature in degrees Fahrenheit. 


You can also solve the O< Cc $35 Write the inequality using C. 
inequality by multiplying 


MONITORING PROGRESS 


ANSWERS Sah aavanion 9) O< (F—32) <35 Substitute 2(F — 32) for C. 
9-0<59- xF = 32) S935 Multiply each expression by 9. 
7. AO g (82), i 0< 5F- 32) $315 simpli 
—-40< F< 59 O< 5F- 160 < 315 Distributive Property 
+ 160 + 160 + 160 Add 160 to each expression. 
160< SF < 475 Simplify. 
fay < a < a5 Divide each expression by 5. ‘ 
5 5 ba) 
32< Ip < 95 Simplify. 


The solution is 32 < F< 95. So, the operating temperature range of the 
smartphone is 32°F to 95°F. One situation when the surrounding temperature 
could be below this range is winter in Alaska. One situation when the 
surrounding temperature could be above this range is daytime in the 
Mojave Desert of the American Southwest. 


4. Look Back You can use the formula C = S(F — 32) to check that your answer is 
correct. Substitute 32 and 95 for F in the formula to verify that 0°C and 35°C are 
the minimum and maximum operating temperatures in degrees Celsius. 
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7. Write and solve a compound inequality that represents the temperature rating (in 
degrees Fahrenheit) of the winter boots. 


—40°C to 15°C 
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| Closure — 


e Exit Ticket: Solve and graph. 


és —| S 2e+ 3S 7 =2 Sy SD 


b. 4x + 1 < -—11or3x —4 RETO Ss 
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2.5 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigldeasMath.com 


1. WRITING Compare the graph of —6 < x < —4 with the graph of x < —60rx = —4. 


2. WHICH ONE DOESN'T BELONG? Which compound inequality does nor belong with the other three? 


Explain your reasoning. 


in So Gap alc = Ge aya > ts) 


GS 1 OPUS 


* 


a<6ora>—9 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-6, write a compound inequality that is 
represented by the graph. 


i 


sy = =‘ Qi eS Se GF 


<== —_ i i 


Seon 9) OMI 125 13s 4a eas 


Se 


SD) SE) Sh 7h Gy aa ee eee Lt) 


sy = 2S AS 6 ee) 


In Exercises 7-10, write the sentence as an inequality. 
Graph the inequality. (See Example J.) 


7. A number p is less than 6 and greater than 2. 


8. A number vis less than or equal to —7 or greater 
than 12. 


9. A number m is more than -12 or at most — 10. 


10. A number ris no less than — 1.5 and fewer than 9.5. 


11. MODELING WITH MATHEMATICS = 
Slitsnails are large mollusks that UOT 
live in deep waters. They have 
been found in the range of 
elevations shown. Write and 
graph a compound inequality 
that represents this range. 


—2500 ft ~ 


I, Pe =SOrypSs 


16. w<—-l7orw 2 —9 
=il7/ —9 
0-1 
= =18 =< <6 0 


i, -PeBorrpe Wl 
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12. MODELING WITH MATHEMATICS The life zones on 
Mount Rainier, a mountain in Washington, can be 
approximately classified by elevation, as follows. 


Low-elevation forest: above 1700 feet to 2500 feet 
Mid-elevation forest: above 2500 feet to 4000 feet 
Subalpine: above 4000 feet to 6500 feet 

Alpine: above 6500 feet to the summit 


_- 


Elevation of Mount Rainier: 14,410 ft 


Write a compound inequality that represents the 
elevation range for each type of plant life. 


a. trees in the low-elevation forest zone 


b. flowers in the subalpine and alpine zones 


In Exercises 13-20, solve the inequality. Graph the 
solution. (See Examples 2 and 3.) 


(sh eae 3 = il (el, ls = sip 2 = 
1S y+ S30, —8y < —40 

16. —14>w+ 3o0r3w 2 -27 

WA. 2Par SiS 7 arp =p ae) So. 

i, =a = Sipse 2 < Zl 

19, —12 < 4(4x + 16) < 18 


20. 35 < 7(2 — b) or (15b ~ 12) > 21 


i, —Seureet 
at 
=§ <2 A 8 
1 ell) <a) 
—10 5 
<+hOe- 4> 


AY, D<—Sorh 2S 
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Assignment Guide and 


Homework Check 


ASSIGNMENT 

| Basic: 1-2, 3-11 odd, 12, 13-17 odd, 
21, 25, 33-40 

Average: 1, 2-18 even, 22, 23, 
24-28 even, 33-40 

Advanced: 1-2, 6, 9-12, 18-20, 
22-24, 28-40 


HOMEWORK CHECK 
Basic: 5, 7, 13, 15, 21 


Average: 8, 10, 14, 16, 23 
Advanced: 9, 10, 19, 20, 23 


ANSWERS 
1. The graph of —6 < x <—4 shows 


single segment between —6 and — 


The graph of x $ —60rx 2 —4 
shows two opposite rays with 
endpoints at —6 and —4. 


2. a<6ora>—9; The graph of this 
inequality is the only one with 
overlapping rays that represent all 
real numbers. 


& =Seurs 2 

4, 7<x< 14 

SS &S=—Torr 2 =4 
«Stores © 

To DEP ZO 


0 2 4 6 8 


bh iS = form I 
= ne 


—o 0 8 16 


9, m> —7 or fie Ss =) 


=10 —7% 
sh ahi) =) =7f =) 


LO les 9) 
= 9.5 


=a! 0 2 4 6 8 10 


ll. ~—2500 < e < —100 


—2500 — 100 


SS Se 
~3000 -2000 -1000 0 1000 


12. a. 1700<h < 2500 
b. 4000 <h < 14,410 
is, ler S © 


lA 


LS 8 <5 


Section 2.5 


a 
4. 


77 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

21. In the second step, 3 should have 
been subtracted from 4 on the 
left side; 
<< =< -s>x> =3 


22. The graph should have 2 opposite 


rays, not | segment. 


23. -20<2(F — 32)<-15, 

SUS IP ES 

1.16h < 150 or 1.16h > 220; height 
less than about 129.3 cm or greater 
than about 189.7 cm 


no solution 


24. 


25. 


SS ips = 3 


ae | 


| 3 7 


28. all real numbers 


SSS SS Sa 
6 €@ 8 2 iG 


29-40. See Additional Answers. 


Mini-Assessment 


| 1. Write the sentence as an inequality. 
Graph the inequality. 

A number p is greater than —3 and 
less than 4. 
=J3< jp ed 


2. Solve 22 < 4x — 6 < 38. Graph 
the solution. 7 < x < 11 
8 


9 10 


3. Solve 204 5 = —lilkor 
3c — 1 = —7. Graph the solution. 
€S—S0re 2 =2 
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Chapter 2 


ERROR ANALYSIS In Exercises 21 and 22, describe and Bi), t= WWedke = Mawes Wee —D? 
correct the error in solving the inequality or graphing 
the solution, 31. REASONING Fill in the compound inequality 
21. 4x — 6) HP) 2x — 10) and 5(z + 2) = 20x + 8) 
4<-2x+3<9 with <, S, >, or 2 so that the solution is only 
one value. 
4<-2x<6 
oe 32. THOUGHT PROVOKING Write a real-life story that 
can be modeled by the graph. 
-4 -3  -2 -1 0 
a te 
2 2 oS oy fe Wm WW 1 
22. 
x KS eee) OP arise = 2 33. MAKING AN ARGUMENT 
eae in SoG The sum of the lengths of any 
two sides of a triangle is greater 
5 : than the length of the third side. i a 
-15 -10 -5 ty) Go Use the triangle shown to write 
and solve three inequalities. = 
Your friend claims the value 5 
ae : r fri 
23. MODELING WITH MATHEMATICS of wean be 1. Ts yeuuniend 
; correct? Explain. 
Write and solve a compound 
inequality that represents the 
ossible temperatures (in degrees 34. HOW DO YOU SEE IT? The graph shows the annual 
Pp Pp & Pp 
Fahrenheit) of the interior of the profits of a company from 2006 to 2013. 
iceberg. (See Example 4.) 
Annual Profit 
24. PROBLEM SOLVING A ski shop sells skis with lengths = 


In Exercises 25-30, solve the inequality. Graph the 
solution, if possible. 


25. 
26. 
27. 


28. 


29. 


!f students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


ranging from 150 centimeters to 220 centimeters. 
The shop says the length of the skis should be about 
1.16 times a skier’s height (in centimeters). Write 
and solve a compound inequality that represents the 
heights of skiers the shop does nor provide skis for. 


wi 

& 
ot 
=e 
= 
Es 
ie) 
aa 
a=) 

i 
a 


0 
2006 2007 2008 2009 2010 2011 2012 2013 
Year r § 


a. Write a compound inequality that represents the 
annual profits from 2006 to 2013. 


DIS Bye ap il ce Jesh 


2m — 1 2 Sor5m > —25 b. You can use the formula P = R — C to find the 


profit P, where R is the revenue and C is the cost. 
From 2006 to 2013, the company’s annual cost 
was about $125 million. Is it possible the company 
had an annual revenue of $160 million from 2006 
to 2013? Explain. 


Wor 3S Baad ae 2 9) 
= es lap ar 31S © 


De ap Eh iQ) 4 ner = Bin ap 2 Se Din se BS 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Plot the ordered pair in a coordinate plane. Describe the location of the point. 
(Skills Review Handbook) 


B55 Als) 


Boo (ONS) 3/. Cl-49=2 ake Jol il, 2)) 
(Skills Review Handbook) 


40. 24, 26, 28, 28, 30, 30, 32, 32, 34, 36 


Find and interpret the mean absolute deviation of the data. 


She My Vy 2 Sh, Se NOL Te, 2, 113) 
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If students got it... 


Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 


Student Journal 


e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


2.4-2.5 What Did You Learn? 


Core Vocabulary 


compound inequality, p. 74 


Core Concepts 


Section 2.4 


Solving Multi-Step Inequalities, p. 68 
Special Solutions of Linear Inequalities, p. 69 


Section 2.5 


Whiting and Graphing Compound Inequalities, p. 74 
Solving Compound Inequalities, p. 75 


Mathematical Thinking 


1. How can you use a diagram to help you solve Exercise 12 on page 77? 


2. In Exercises 13 and 14 on page 77, how can you use structure to break down 
the compound inequality into two inequalities? 


procs c ttt src: Performance Task - - - 


Grading Calculations 


You are not doing as we!! as you had hoped in one of your classes. 
So, you want to figure out the minimum grade you need on the 
final exam to receive the semester grade that you want. Is it still 
possible to get an A? How would you explain your calculations 

to a classmate? 


ope 
To explore the answers to these questions and more, oe oe 
eee 


go to BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
1. A diagram can be used to show the 
different life zones, and the elevation 
ranges for each. 


2. Take the left expression, first 
inequality symbol, and middle 
expression to form the first inequality. 
Take the middle expression, 
second inequality symbol, and 
last expression to form the second 
inequality. 


Chapter 2 79 


ANSWERS 
il, @i == pre 
2 Sp S WO 
1, SSeS Ser 
© 2 & 6 E& 
4, +41 
=“) =—2 @© 2 a 
S; = 
SSS Sa 
=. =2 @ @ a 
6. p<6 
Ott 
® 2 a 6 & 
Tis ip 
SSeS 
=—6§ =<) =2 @ 2 
8 ms 88 
8.8 
SSS aS 
0 4 8 12 16 
80 Chapter 2 


Chapter Review 


Writing and Graphing Inequalities (pp. 45-52) 


a. A number x plus 36 is no more than 40. Write this sentence as an inequality. 


A number x plus 36 is no more than 40. 


et 


—— 


Bear 310) 3 40 


> An inequality is x + 36 < 40. 


b. Graph w > —3. 
Test a number to the left of —3. w = —4is nota solution. 


Test a number to the right of — 3. w = Ois a solution. 


Use an open circle because | 
~3 is not a solution. 


Shade the number line on the side | 
where you found a solution, 


2. Tenis at least the product of a number /: and 5. 


Write the sentence as an inequality. 


4. A number d minus 2 is less than —1. 


Graph the inequality. 
3. x>4 4. ys2 S25 lesz 


ee 


yy Solving Inequalities Using Addition or Subtraction (pp. 53-58) 


Solve x + 2.5 © —6. Graph the solution. 

Sop 2S) SS 6 Write the inequality. 
(Subtraction Property of Inequality =e) = 
| SES Simplify. 


Subtract 2.5 from each side. 


p> The solution is x < —8.5. 
X= 585 
5 Sai 


-12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 


Solve the inequality. Graph the solution. 


6. p+4< 10 ie pede $15 8, ZI 2 a = 7 
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Dynamic Solutions available at BigideasMath.com 


ANSWERS 


Oh. Bes 7 
ah 
SoS 
= =) =6 =a =2 0 
Solving Inequalities Using Multiplication or Division (pp. 59-64) 10. ¢ = -20 
n : Sash A Se Se Se 
Solve — pes 5. Graph the solution. Be =a) a GAG 
San 25 Write the inequality. ll. n> -—4 
<—t +e 
Multiplication Property of Inequality —10° 10 ~ SNOds Multiply each side by —10. Reverse the inequality symbol. =8) 6-452 0 
n<—50 Simplify. 12. s < —88 
The solution isn < ~50. A oe ‘ 
RESO —160 -120 —80 -—40 0 
Sages 
—80 -70 -60 -50 -40 -30 -20 -10 0 10 20 i 
Solve the inequality. Graph the solution. : O : 
0 8 16 24 32 
eke. Bee ae 
Gh 236 — 22) 10. —. Wis qi s3 14. k<—5 
= 
42. = 13. 36 <2q¢ 14. -1.2k > 6 : 6 
SS Si at ae 0 
WS 3S S 
5 
2.4 | Solving Multi-Step Inequalities (op. 67-72) See 
0 2 4 6 8 
Solve 22 + 3y = 4. Graph the solution. 
NO, PS =—2o 
U2 ap ype dl Write the inequality. ~26 
=D —22 Subtract 22 from each side. SS Cras 
= ane ae simpli 62) -24)- 16-8) 0 
2 = implify. 
4y_ 18 Wh 2 Il 
a 2 ae Divide each side by 3. 1 
eer SS SSS SSS s> 
a) Simplify. 


P The solution is y > —6. : 18. s<% 
se 
ee 5 
go ES Gan ane lab) 2) SSS oS 


Solve the inequality. Graph the solution, if possible. 19. no solution 


i. Beads If 16. -4< 2 +9 20. all real numbers 
——— 
Wh T= sns 3 18) 2(—45 1 2) = 55 — 10 Ter Se ae 
Wek CiCke seh) ss Pe II PAU, SYP = SS BP = @)) 
Chapter 2 Chapter Review 81 


: Chapter 2 81 


ANSWERS 


Pah 


Pps 


23. 


24. 


82 


Hens 8 


=) S256 


“=2 @ 2 & 8 8 
pe =Mor pe =5 
———— 1 


=25-20-=15-=10 =—5 0 5 


Chapter 2 


2.5 | Solving Compound Inequalities (gp. 73-78) 


a. A number 7 is less than 10 or at least 20. Write this sentence as an inequality, 


Graph the inequality. 
A number m is less than 10 or at least 20. 
m< 10 or m= 20 


> Aninequality ism < 10 or m > 20. 


CSO) Siz 0253035 40 


b. Solve —1 < —2d +7 < 9. Graph the solution. 


S| =a? = © Write the inequality. 


=i =7/ =7 Subtract 7 from each expression, 
=) Ss —Lel <e?. Simplify. 
“3 > — S =; Divide each expression by —2. 
Reverse each inequality symbol. 
42> ad | Simplify. 


p The solutionis-—1<d<4, 


Sate 


-3 -2-1 012 3 4 5 
c. Solve 2y — 3 S$ —5 or 3y — 1 > 8. Graph the solution, 


Mya Be 5 gr 29> lS 8 Write the inequality. 


Shoe ats) sei geil Addition Property of Inequality 
Dye = sys Simplify. 
2y =P 3y S) ne ; 
a = = a > 3 Division Property of Inequality 
ys il or VS 3 Simplify. 


p The solutionis y < -lory > 3. 


ee 


=—po2—| OM oe gg a & 


21. A number x is more than —6 and at most 8. Write this sentence as an inequality. 
Graph the inequality. 

Solve the inequality. Graph the solution. 

we US se = YS =H Pe Wee ae 2S UN ayp sess) 22 5) 


2419 32a 8 25. 7 <-Ser-tr- 783 
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<a Chapter Test 


Write the sentence as an inequality. 
1. The sum of a number y and 9 is at least —1. 
2. A number r is more than 0 or less than or equal to —8. 


3. Anumber & is less than 3 units from 10. 


Solve the inequality. Graph the solution, if possible. 


4. eee 5. —45<65+1 
7. 3y- 7217 8. 8g - 2) < 12(2¢ + 


1, =7 << 2e= Il << iy Wi Ses a= gas ie 


6. 4p +3 > 2(2p + 1) 


1) 9. 6(2x -— 1) 2 3(4x + 1) 


123, =5 B= We oe ip ap SiS Til 


13. You start a small baking business, and you want to earn a profit of at least $250 


in the first month. The expenses in the first month are $155. What 
revenues that you need to earn to meet the profit goal? 


14, Leta, b, c, and d be constants. Describe the possible solution sets 
inequality ax + b<cxt+d. 


are the possible 


of the 


Write and graph a compound inequality that represents the numbers that are not solutions 
of the inequality represented by the graph shown. Explain your reasoning. 


18. ee} i 16. <t}-@ +p} | > 


Sas = yl = = 5 


17. You save $15 per week to purchase one of the bikes shown. 


a. Write and solve an inequality to find the number of weeks you need 


to save to purchase a bike. 


b. Your parents give you $65 to help you buy the new bike. How 
does this affect your answer in part (a)? Use an inequality to 
justify your answer. 


18. A state imposes a sales tax on items of clothing that cost more 
than $175. The tax applies only to the difference of the price 
of the item and $175. 


a. Use the receipt shown to find the tax rate (as a percent). 


b. A shopper has $430 to spend on a winter coat. Write and 
solve an inequality to find the prices p of coats that the 
shopper can afford. Assume that p > 175. 


c. Another state imposes a 5% sales tax on the entire price 
of an item of clothing. For which prices would paying the 
5% tax be cheaper than paying the tax described above? 
Write and solve an inequality to find your answer and list 
three prices that are solutions. 


if students need help... 


Lesson Tutorials 


ahead at =i] O 4 2 


at ive e 


PURCHASE DATE; 03/29/14 
STORE#: 1006 


ITEM: SUIT 
PRICE: $295.00 


TAX: $ 7.50 
TOTAL: $302.50 


THANK YOU 


Chapter 2 


Chapter Test 


Resources by Chapter 
© Enrichment and Extension 
© Cumulative Review 


Skills Review Handbook 


Performance Task 


“Prices Starting af $120 


83 


BigldeasMath.com 


Start the next Section 


ANSWERS 


1. 


12. 


iL}, 
14. 


iss 


16. 


17. 


18. 


pap @) 2s 
rPeQorrs =k 
le 10 <3 
fe = 


=2 @ 2 
no solution 


See Additional Answers. 
=) SG S27 
= 3 
= = @ 2® 


ee Ot la= Mil 


© 2 A G&G &§ W wp 
at least $405 
all real numbers; no solution; 
d= al = Ip 


Bob ee 
(Gi © (Gf 


=J<7 SZ 


x< 


-4 -2 0 2 4 
The values between —3 and 2, 
including 2, are not solutions. 
Le Sor ys = ll 


=—§ <4 =2 @ 2 a 
The values greater than — 1 or less 
than —4 are not solutions. 

a. IS5w 2 120; w 2 8 

b. The number of weeks is reduced: 
65 + 1Sw > 120; w 2 34 

a. 6.25% 

la, 17S ar Wi0ewsiya = 175) <a 0e 
ps4is5 

& is5ya< 7S se Wega — SNe 


p > 875; Sample answers: $900, 
$950, $1000 
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ANSWERS 
1. B 


Standards Assessment 


1. The triangle shown has a perimeter of 82 inches. What is the value of x? (TEKS A.5.A) 
@ 34 
4.0 10(x — 1) in. (4x + 14) in. 
(©) WE 
@D 420 22 in. 


An b wWN 
GQ) = Ga ig) Be 


2. The sum of 5 times a number } and 8 is no less than b. Which inequality describes b? 


(TEKS A.5.B) 
CG) be =2 @ b<-2 
Gp be =2 @ b<-2 


3. A skateboarding park charges $7 per session to skate and $4 per session to rent safety 
equipment. Your friend rents safety equipment every time he skates. Last year, he spent 
$99 total for skating charges and equipment rentals. How much did he pay to rent safety 
equipment last year? (TEKS A.5.A) 


@) $4 $9 
© $11 @) $36 


4. GRIDDED ANSWER The cost C of parking in a parking garage is given by the equation 
C = 2(x — 2) + 3, where x is the amount of time in hours. You need to spend less than 
$10 for parking. What is the maximum whole number of hours you can park in the 
garage? (TEKS A.5.B) 


5. The volume V of a cylinder is given by the formula V = ar2h. Solve the formula for #. 
(TEKS A./2.E) 


@® h=V—-ar 
V aS 


Cn =. , 
@® n== 

Wr 
Om 

(rei i 


6. The area of a rectangle is given by 3(x — 17) — x + 19. Which inequality represents the 
possible values of x? (TEKS A.5.B) 


@® x>16 x>—16 
@ 16 @) -l6<x<16 
84 Chapter 2 Solving Linear Inequalities 
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ANSWERS 


We Jel 

bh (C 

Oy Jr 

7. What is the solution of 8x + 2x = 15x — 10? (TEKS A.3.A) 10. A 
@ x=-2 @ x«=04 Ww 4H 
GD x=2 ®D x=5 = ae 


8. In 1862, the United States imposed a tax on annual income to pay for the expenses of 
the Civil War. The table shows the tax rates for different incomes. Which compound 
inequality describes the range of incomes x (in dollars) for which the tax was between 
$450 and $600? (TEKS A.5,B) 


‘Annualincome| ss Taxrate. 
$600 to $10,000 3% Botcome 
Greater than 3% of first $10,000 plus 5% 
$10,000 of income over $10,000 
@) 3000 < x < 6000 9000 < x < 12,000 
©) 13,000 < x < 16,000 @) 15,000 < x < 20,000 


9. What is the solution of 4y + y + 1 = 7(y — 1)? (TEKS A.5.A) 
® y=4 @) ~=s 
ED es a4 


10. The solution set of which inequality is represented by the graph? (TEKS A.5.B) 
SSS 


-5 -4-3 -2-1 0 1 2 3 4 5 
ébear ILS Ge = ID) = Il 
asese || 2 Bos = 1) = il 
26 eS 2 


G088 


none of the above 


11. A plumber charges $64 per hour for labor and x dollars for replacement parts. The total 
bill is $284 and includes 3 hours of labor. How much does the plumber charge for the 
replacement parts? (TEKS A.5.A) 


€) $22 @ $24 
CD $92 G $118 
12. When 2(a + b) + ais negative, which statement must be true? (TEKS A.5.B) 
@ a<0.b<0 @® a<0,b>0 
© a<- @® a<b 
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Chapter 2 85 


Chapter Opener/ 
Mathematical Thinking 


Section 1 
Section 2 
Section 3 

Quiz | 1 Day 
Section 4 2 Days 

Sesion 5 2 Days 
| secuonia 


Section 7 


Chapter Review/ 
Chapter Tests 


Total Chapter 3 


Year-to-Date 


: Basketball (p. 122) 
Texas Essential 


Knowledge and Skills 
Summary 


f Light (p. 111) 


* 


Coins (p. 102) 


Taxi Ride (p. 95) 


: Mathematically proficient students can apply the mathematics they know to salve problems 


, and the workplace. 


For an overview of this chapter, formative assessment tips, and teaching strategies, 
see Laurie’s Notes at BigideasMath.com. 
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Maintaining Mathematical Proficiency 


Plotting Points (6.11) 


Example 1 Plot the point A(—3, 4) in a coordinate plane. Describe the location of the point. 


Start at the origin. Move 3 units left and 4 units up. Then plot the point. 
The point is in Quadrant II. aia 


A(-3, 4). 


Plot the point in a coordinate plane. Describe the location of the point. 


th AGE) Ce = Sy, W) a Ci), 3) 


4. D(-1, -4) S$. E(=3, 0) @, JG. =I) 


Evaluating Expressions (6.3.D) 
Example 2. Evaluate 4x — 5 when x = 3. 


4x-—5= 4(3) -5 Substitute 3 for x. 
=12-5 Multiply. 
=7 Subtract. 


Example 3 Evaluate —2x + 9 when x = —8. 
Psp sp) =} —t3) 2) Substitute —8 for x. 
=16+9 Multiply. 
= 25 Add. 
Evaluate the expression for the given value of x. 
Tis She == ae se = 7) 3. —57-- sy — 3 9 lOx+18;x=5 
10. —9x-—2.x= —4 1, 24 —8rx = 2 12. 15x+9:x=—-1 


13. ABSTRACT REASONING Let a and b be positive real numbers. Describe how to plot 
(a, b), (—a, b), (a, —b), and (—a, —b). 


Dynamic Solutions available at BigideasMath.com 


For suggestions on Maintaining Mathematical Proficiency in your classroom, 
see Laurie’s Notes at BigideasMath.com. 


Have students make a Four Square for each topic. 


e Plotting points 
° Evaluating expressions 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 
Real-Life STEM Videos 


Texas Essential 
+3 Knowledge and Skills 
6.11 The student applies mathematical 
process standards to use coordinate 
geometry to identify locations on a plane. 
The student is expected to graph points in 


all four quadrants using ordered pairs of 
rational numbers. 


6.3.D The student is expected to add, 
subtract, multiply, and divide integers 
fluently. 


ANSWERS 
1-6.) 


eer AAR WD = 


. 


ae a 
enn s 


in Quadrant I 
in Quadrant JI 


on positive y-axis 
in Quadrant II 
on negative x-axis 
in Quadrant IV 

iy 

=i 

68 


Start at the origin. Move a units right 


and 6 units up. Plot the point; Start 
at the origin. Move a units left and 


b units up. Plot the point; Start at the 


origin. Move a units right and b un 
down. Plot the point; Start at the 
origin. Move a units left and b unit 
down. Plot the point. 
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MONITORING PROGRESS . ' —_— 
ANSWERS Math ematical | Mathematically proficient students select tools, including real objects, 


. Fs manipulatives, paper and pencil, and technology as appropriate, and 
We ese Me WS us 2s 3 rey, Thinking techniques, including mental math, estimation, and number sense as 
appropriate, to solve problems. (A.1.C) 


2. no: 18: 12is not a2: 3 ratio. 
3. yes; 24 : 36 is a2: 3 ratio. Using a Graphing Calculator 
4, = 
pax i | C5) Core Concept 
J | Standard and Square Viewing Windows WINDOW 
“8 : | A typical graphing calculator screen has a height to width a This is the 
ratio of 2 to 3. This means that when you use the standard Xsct=1 standard } 
3 viewing window of —10 to 10 (on each axis), the graph will aa viewing 
5 ‘ not be in its true perspective. sees window. 
To see a graph in its true perspective, you need to use a WINDOW 
square viewing window, in which the tick marks on the Xmin=-9 This is a 
X-axis are spaced the same as the tick marks on the y-axis. oe square 
Ymin=~6 viewing 
Ymax=6 f 
Ysct=1 ae 
6. ; —_= 
eNViaeame Using a Graphing Calculator 
Use a graphing calculator to graph y = 2x + 5. 
This is the graph } 
SOLUTION in the standard 
viewing window. 
Enter the equation y = 2x + 5 into your 
de calculator. Then graph the equation. The 
standard viewing window does not show 
the graph in its true perspective. Notice 
that the tick marks on the y-axis are closer 
together than the tick marks on the x-axis. 
To see the graph in its true perspective, This is the graph 
use a square viewing window. = in a square 
viewing window. 
8. - 
Monitoring Progress 
Determine whether the viewing window is square. Explain. 
9, ib =S8S 9S 7,—S4ye7 A =5S2 S56, Sy <® & S18 eS le =e Sys 12 


Use a graphing calculator to graph the equation. Use a square viewing window. 
4. y=x+3 A PS apa 2 G PS le = I 
7. yore det U 8. y=—tx-4 Sy = a2 


10. How does the appearance of the slope of a line change between a standard viewing window and a 
10. The slope of a line in a square square viewing window? 


viewing window appears to be steeper 


than in a standard viewing window. 5 ‘ 
Chapter3. — Gfaphing Linear Fanctiors 


Student Journal 
¢ Maintaining Mathematical Proficiency 


Start the next Section 


Lesson Tutorials 


Skills Review Handbook 
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Essential Question what is a function? 


TEXAS ESSENTIAL 

KNOWLEDGE AND SKILLS A relation pairs inputs with outputs. When a relation is given as ordered pairs, the 

A12.A x-coordinates are inputs and the y-coordinates are outputs. A relation that pairs each 
input with exactly one output is a function. 


Sake VN Describing a Function 


Work with a partner. Functions can be described in many ways. 
e by an equation 


© by an input-output table 


@ using words 


ANALYZING Sears 

MATHEMATICAL @ as a set of ordered pairs 

RELATIONSHIPS 
fe ereucenunimatht a. Explain why the graph shown represents a function. 


you need to analyze b. Describe the function in two other ways. 


relationships 


mathematically to EXPLORATION 2 Identifying Functions 


draw conclusions. 


Work with a partner. Determine whethcr each relation represents a function. 
Explain your reasoning. 


a. al Tees [ae 
iineuene i 0 | 1 | Z | 3 \ 4 
Outputy| 8 | 8 | 8 | 8 | 8 

2 [input x gE | 3 | 8 [ 8 | 8 
Output.y 0 [3 a 

c. Input,x Output, y d. y 

8 
6 


e. (—2. 5), (—1, 8), (0, 6), (1, 6), (2, 7) ° 
. (—2,0), (-1, 0), (-1, 1D, (, 1), C1. 2), (2, 2) 


— 


g. Each radio frequency x in a listening area has exactly one radio station y. 
h. The same television station x can be found on more than one channel y. 
Lx =2 


je y=2x+3 


Communicate Your Answer 


3. What is a function? Give examples of relations, other than those in 
Explorations | and 2, that (a) are functions and (b) are not functions. 
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SUPPORTING English Language Learners 


As students work in pairs to complete the explorations and Communicate Your Answer, circulate 
through the classroom and listen to their conversations. Coach students in the following 
self-improvement strategies. 


Beginning Repeat a word when necessary to improve pronunciation. Use gestures or visuals to 
help convey its meaning. 

Intermediate Repeat a phrase or use other language to describe its meaning if it is unclear. 
Advanced/Advanced High Combine short, simple sentences to create longer, compound 
sentences. 


ELPS 1.B.1 Monitor oral language production and employ self-corrective techniques or other 
resources. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 
A.12.A The student is expected to decide 

whether relations represented verbally, 


tabularly, graphically, and symbolically 
define a function. 


ANSWERS 
1. a. Each x-coordinate is paired with 
exactly one y-coordinate. 
b. Sample answer: (0, 8), (1, 6), 
(noe Fanta) 


2. a. function; Each input value is 
paired with exactly one output 
value. 


b. not a function; The input value 
of 8 is paired with more than one 
output value. 


c. nota function; The input value 
of 3 is paired with more than one 
output value. 


d. nota function; The input values 
of 5 and 7 are each paired with 
more than one output value. 


e. function; Each input value is 
paired with exactly one output 
value. 


f. not a function; The input value of 
—| is paired with more than one 
output value. 


g. function; Each input frequency 
is paired with exactly one output 
radio station. 

h. not a function; Each input 
television station is paired with 
more than one output channel. 

i. nota function; The input value 

| of 2 is paired with every possible 

i output value of y. 

j. function, Each input value of x 
is paired with exactly one output 
value of y. 

{ 3. arelation that pairs each input with 

exactly one output 


a. Sample answer: (0, 10), (1, 20), 


C, SO), 7 = Saye 
b. Sample answer: (0, 10), (O, 20), 
i (0, 30); x = —5 
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What You Will Learn 


» Determine whether relations are functions. 


Extra Example 1 
Determine whether each relation is a 


> Find the domain and range of a function. 


function. Explain. CoreVocabul 
> Identify the independent and dependent variables of functions. 


a. Go 1), Ge 1), (=, 1), (0, i (i, 1) | relation, p. 90 
The relation is a function. Every input ee ree Determining Whether Relations Are Functions 
has exactly one output. range ae A relation pairs inputs with outputs. When a relation is given as ordered pairs, the 
- PAIS. ia x-coordinates are inputs and the y-coordinates are outputs. A relation that pairs each 
b. (1) 3)n@2, 4), (G, 5), (1, 5))(476) eee a: nen input with exactly one output is a function. 
The relation is not a function. The input ‘ 
Previous 
1 has two outputs, 3 and 5. ordered pair >eNV IRs §=Determining Whether Relations Are Functions 


mapping diagram 


C. 
Input, Xx lo] 2/4] 6] 8 |10| Determine whether each relation is a function. Explain. 
oupury[ 0/12/3141 5] 22 C1AOA0.0.20 


b. (4, 0), (8, 7). (6, 4), 4. 3), G, 2) 


The relation is a function. Every input 


. = 7 
has exactly one output. per | =2 = | at ae 
d. Input, x Output, y ouputy| 3/4) si|oi7[s 
REMEMBER d. Input,x Output, y 


A relation can be 
represented by a 
mapping diagram. 


The relation is not a function. The input 
2 has two outputs, —4 and —6. SOLUTION 


a. Every input has exactly one output. So, the relation is a function. 


Extra Example 2 
Determine whether each relation is a 
function. Explain. 


b. The input 4 has two outputs, 0 and 3. So, the relation is nor a function. 
c. The input 0 has two outputs, 5 and 6. So, the relation is not a function. 


oe d. Every input has exactly one output. So, the relation is a function. 
a. y = —2x with inputs x = 0, x = 1, 


and x = 2 

The relation is a function. The input 0 PONV Determining Whether Relations Are Functions 
has exactly one output, 0. The input 1 Determine whether each relation is a function. Explain. 

has exactly one output, —2. The input a. y = 5x with inputs x = 1,x = 2,andx =3 


2 has exactly one output, —4. 
b. x + 1 = y? with inputs x = 0 and 
X = 3 The relation is not a function. Senne) 


The input 0 has two outputs —1 and1 a. The input | has exactly one output, 5. The input 2 has exactly one output, 10. 
‘ The input 3 has exactly one output, 15. 


b. x = y? with inputs x = Oand x = | 


The input 3 has two outputs, —2 and 2. 


> So, the relation is a function. 


b. The input 0 has exactly one output, 0, but the input | has two outputs, 1 and —1. 


P So, the relation is not a function. 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 
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Monitoring Progress )) Help in Engtish and Spanish at BigideasMath.com Extra Example 3 


Determine whether the relation is a function. Explain. Determine whether each graph represents 
1. (—5, 0), (0, 0), (5, 0), (5, 10) 2, (Ai (ELa,@, =o), G, 10) a function. Explain. 
_ a. 


3. | Input, x 2 4 6 | 4, y = 2x + 4 with inputs x = 2 and x = 4 


] 
| 
| Output.y | 2.6 | 5.2 | 78 | 


G Core Concept : 


Vertical Line Test 


Words A graph represents a function when no vertical line passes through more 
than one point on the graph. 


Examples Function Not a function 


The graph represents a function. No 
vertical line can be drawn through 
more than one point on the graph. 


EXAMPLE 3 Using the Vertical Line Test 


Determine whether each graph represents a function. Explain. 


b. y, 


The graph does not represent a 
function. Sample answer: A vertical line 
can be drawn through (6, 1) and (6, 5). 


SOLUTION 
MONITORING PROGRESS 
a. You can draw a vertical line through —b._ No vertical line can be drawn through 
(2, 2) and (2, 5). more than one point on the graph. ANSWERS ; ; 
1. nota function; The input 5 has two 
P So, the graph does not P So, the graph represents outputs, 0 and 10. 
represent a function. a function. j 
2. function; Every input has exactly one 
Monitoring Progress of) Help in English and Spanish at BigideasMath.com output. 
Determine whether the graph represents a function. Explain. 3. function; Every input has exactly one 
output. 


Eh i 6. 


4. function; Every input has exactly one 
output. 
5. function; No vertical line can be 


drawn through more than one point 
on the graph. 


6. nota function; A vertical line can be 
drawn through more than one point 
on the graph at several places, such as 
(3, 0) and (3, 6). 
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Extra Example 4 
Find the domain and range of the function 
represented by the graph. 


The domain is —3, —1, 1, and 3. The 
range is 3, 1, —1, and —3. 


| 
| 


eS 


The domain is —1 <x <3. The range is 
SSS Se 


MONITORING PROGRESS 


ANSWERS 
7, conan —2., =I, , il, 22 
range: 0, 2, 4 
8. domain: 1 <x<5; range:0<y<4 
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Vocabulary 
Have students make a table to show how the terms used to describe a function are related. 


Finding the Domain and Range of a Function 


G Core Concept 


The Domain and Range of a Function 
The domain of a function is the set of all possible input values. 
The range of a function is the sct of all possible output values. 


ON Vim ee §=Finding the Domain and Range from a Graph 


Find the domain and range of the function represented by the graph. 


SOLUTION 


a. Write the ordered pairs. Identify the b. Identify the x- and y-values represented 
inputs and outputs. by the graph. 


(—3, —2), (~1, 0), (1, 2), G, 


4 
STUDY TIP t 
A relation also has a outputs 


domain and a range. 


> > The domain is —3, —1, 1, and 3. lovee 
The range is —2, 0, 2, and 4. 


) 


> The domain is —2 <x < 3. 
The range is —1 < y $ 2. 
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Find the domain and range of the function represented by the graph. 
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| Input | Output 
| x-values | y-values 
| | Domain | Range 


| Independent variable 


| Dependent variable 


¥ 


ee 


= 


Closure 


e Exit Ticket: Make an input-output table for the function y = —2x + 3 using the inputs 


Identifying Independent and Dependent Molise 


The variable that represents the input values of a function is the inde] I al 
because it can be any value in the domain. The variable that fCOTeSeNte i output 
values of a function is the dependent variable because it depends on the value of the 
independent variable. When an equation represents a function, the dependent variable 
is defined in terms of the independent variable. The statement “‘y is a function of x” 
means that y varies depending on the value of x. 


y=-x+ 10 
A 


f ia 
{ dependent variable, y } | independent variable, x } 


EXAMPLE 5 Identifying Independent and Dependent Variables 


The function y = —3x + 12 represents the amount y (in fluid ounces) of juice 
remaining in a bottle after you take x gulps. 


a. Identify the independent and dependent variables. 


b. The domain is 0, 1, 2, 3, and 4. What is the range? 


SOLUTION 
a. The amount y of juice remaining depends on the number x of gulps. 


> So, yis the dependent variable, and x is the independent variable. 


b. Make an input-output table to find the range. 


Input, x i = —3x + 12 | Output, y | 
| 0 —3(0) + 12 12 | 
I Sse 12 9 | 
| 2 —3(2)+ 12 |} 6 | 
ars 33) 412 | 3 
| 4 | —3(4)+ 12 0 | 


p The range is 12, 9, 6, 3, and 0. 
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9. The function a = —4b + 14 represents the number a of avocados you have left 
after making b batches of guacamole. 


a. Identify the independent and dependent variables. 
b. The domain is 0, 1, 2, and 3. What is the range? 
10. The function tf = 19m + 65 represents the temperature f (in degrees Fahrenheit) 
of an oven after preheating for m minutes. 
a. Identify the independent and dependent variables. 


b. A recipe calls for an oven temperature of 350°F. Describe the domain and 
range of the function. 
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=, (0), 2G. 


Extra Example 5 
The function c = 6t + 8 represents the 
cost c for t T-shirts plus shipping. 


a. Identify the independent and 
dependent variables. independent 
variable: t; dependent variable: c 


b. The domain is 1, 2, 3, 4, and 5. What 
is the range? 14, 20, 26, 32, 38 


MONITORING PROGRESS 
ANSWERS 


9. a. ais the dependent variable and b 
is the independent variable. 


b. 14, 10, 6,2 


10. a. fis the dependent variable and m 
is the independent variable. 


b. domain: 0 <m < 15; range: 
65 <t< 350 
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A . : 3 1 Exe rcises Dynamic Solutions available at BigideasMath.com 
Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


1. WRITING How are independent variables and dependent variables different? 


ASSIGNMENT 
Basic: 1, 2, 3-25 odd, 34, 35, 50-57 


Average: 1, 2-30 even, 34, 35, 42, 44, 
50-57 


Advanced: 1, 2, 6-34 even, 35-39, 


2. DIFFERENT WORDS, SAME QUESTION Which is different? Find “both” answers. 


Find the range of the function Find the inputs of the function | =i 
represented by the table. represented by the table. 4 y | 7 


40-50 even, 51-57 


Find the x-values of the function represented Find the domain of the function represented 
y=, (0), 3), erntel (Ul, = iD). by (Sy A e(ONs wand Gl — 1): 


HOMEWORK CHECK 
Basic: 3, 9, 13, 17, 21 


Monitoring Progress and Modeling with Mathematics : 
Average: 4, 10, 14, 18, 22 _MLOMIOnING F FOQFESS ARG VERSES 
Advanced: 6, 12. 16. 20. 22 In Exercises 3-8, determine whether the relation is a In Exercises 13-16, determine whether the graph 
ce so function. Explain. (See Example J.) represents a function. Explain. (See Example 3.) 
3a (1, — Bie, DG, OG WS) (G, 2) 13. 14. 


ANSWERS a. (7,4).(3, =U). 8), 5) (2,0) 
1. The independent variable can be 
any value in the domain, but the 
dependent variable depends on the 
value of the independent variable. 


5. Input,x Output,y 6. Input,x Output, y 


2. Find the range of the function ee 
represented by the table; —1, 5, 7; 
=], Il \ 
3. function; Every input has exactly one a - ; - 
7 are 
output. | Input, x 16 | I | 0 
(esurter ; o 
4. nota function; The input 3 has two Output, y | —2 mt | 0 
outputs, —8 and 6. 
ee : : 3. aa. | Mme ee ea | In Exercises 17-20, find the domain and range of the 
5. not a function; The input 2 has two Bee so ede | acs ! Z F function represented by the graph. (See Example 4.) 
outputs, 3 and 2. jOutput.y | 11 | 5 | ~! eee a 
6. function; Every input has exactly one 
output. In Exercises 9-12, determine whether the relation is a 
, 2 function. Explain. (See Ex le 2. 
7. nota function; The input 16 has two ea ucniicdma eees 0 
outputs, —2 and 2, and the input | 9. y = —3x with inputs x = 0, x = 1, and x = 2 
has two outputs, — | and 1. 10. y = 4x — 1 with inputs x = —3, x = —2,andx = —1 
8. function; Every input has exactly one 19, 
output. 11. x = y? with inputs x = 4 and x = 9 
9. function; Every input has exactly one 12. x =|y| with inputs x = 1, x = 2, andx =3 
output. 
10. function; Every input has exactly one 
output. 
: : 94 Chapter 3 Graphing Linear Functions 
11. not a function; The input 4 has two P Goa 


outputs, —2 and 2, and the input 9 
has two outputs, —3 and 3. 


12. nota function; The input | has two 15. 
outputs, ~1 and |, the input 2 has 
two outputs, —2 and 2, and the input 
3 has two outputs, —3 and 3. 


not a function; A vertical line can be drawn 
through more than one point on the graph in 
many places, such as (4, 0) and (4, 6). 

16. function; No vertical line can be drawn 
through more than one point on the graph. 


Wi, Gomi =2, — Il, 0) Il, 25 memes —2, 0, 2 


14. nota function; Three vertical lines a a See 
can be drawn through more than one 19. domain: —4 <x <2; range: 2<y <6 
point on the graph, including one 20. domain: 2 <x <7; range: 1 <y <6 
through (0, 2) and (0, 4). 


13. function; No vertical line can be 
drawn through more than one point 
on the graph. 
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21. 


22, 


MODELING WITH MATHEMATICS The function 
y = 25x + 500 represents your monthly rent y 
(in dollars) when you pay x days late. 

(See Example 5.) 


a. Identify the independent and dependent variables. 


b. The domain is 0, 1, 2, 3, 4, and 5. What is 
the range? 


MODELING WITH MATHEMATICS The function 
y = 3.5x + 2.8 represents the cost y (in dollars) 
of a taxi ride of x miles. 


a. Identify the independent and dependent variables. 


b. You have enough money to travel at most 
20 miles in the taxi. Find the domain and range 
of the function. 


ERROR ANALYSIS In Exercises 23 and 24, describe and 
correct the error in the statement about the relation 
shown in the table, 


23. 


24. 


ANALYZING RELATIONSHIPS In Exercises 25-28, identify 


qe 


ees 


The relation is not a function. One 
output is paired with two inputs. 


= : 
| Input, x | ! 


oo | ws | 


| Output, y | 6 


1 
‘be — 


The relation is a function. The 
rangeis 1, 2,3, 4, and 5. 


x 
x 


the independent and dependent variables. 


25. 


26. 


Path, 


28. 


The length of your hair depends on the amount of 
time since your last haircut. 


A baseball team’s rank depends on the number of 
games the team wins. 


The number of quarters you put into a parking meter 
affects the amount of time you have on the meter. 


The battery power remaining on your MP3 player is 
based on the amount of time you listen to it. 


30. a. y= 24 —- 3x 


b. (0, 24), (1, 21), @, 18), G, 15), (4, 12), 


G, GOL, Dk GO) 
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Softcover 


Hardcover 


29. 


30. 


31. 


BZ. 


Se), 


MULTIPLE REPRESENTATIONS The balance 
y (in dollars) of your savings account is a function 
of the month x. 


‘EEE 
Balance” ae ! alt | 5 
| { { | 
(doltars).y | 400 125 150,175 | 200, 


a. Describe this situation in words. 
b. Write the function as a set of ordered pairs. 


c. Plot the ordered pairs in a coordinate plane. 


MULTIPLE REPRESENTATIONS The function 

1.5x + 0.5y = 12 represents the number of hardcover 
books x and softcover books y you can buy at a used 
book sale. 


a. Solve the equation for y. 


b. Make an input-output table to find ordered pairs 
for the function. 


c. Plot the ordered pairs in a coordinate plane. 


OPEN-ENDED Graph a relation that fails the Vertical 
Line Test at exactly one value of x. 


OPEN-ENDED List the inputs and outputs of a 
relation such that the relation is a function, but when 
the inputs and outputs are switched, the relation is not 
a function. 


ANALYZING RELATIONSHIPS You select items ina 
vending machine by pressing one letter and then 
one number. 


| 


= 
& 


rf 
5 


ical 


a. Explain why the relation that pairs letter-number 
combinations with food or drink items is 
a function. 


b. Identify the independent and dependent variables. 


c. Find the domain and range of the function. 
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31. Sample answer: 


32. Sample answer: inputs: —2, 0, 1, 3.4; 


outputs: 1, 2, 2, 3,4 
33. See Additional Answers. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


21. a. yis the dependent variable and 
x is the independent variable. 


Di 50059257550" 5 75), 6005625 


22. a. yis the dependent variable and 
x is the independent variable. 


b. domain: 0 <x < 20; 
range: 2.8<y<728 
23. It is not a function if one input is 
paired with more than one output; 
The relation is a function. No input is 
paired with more than one output. 


24. The given list is the domain of the 
function; The range is 6, 7, 8, 9. 

25. The length of your hair is the 
dependent variable and the amount 
of time since your last haircut is the 
independent variable. 


26. A baseball team’s rank is the 
dependent variable and the number 
of games the team wins is the 
independent variable. 


27. The amount of time is the dependent 
variable and the number of quarters is 
the independent variable. 


28. The battery power remaining is the 
dependent variable and the amount 
of time you listen is the independent 
variable. 


29. a. Sample answer: The balance of 
the savings account is $100 in 
month 0 and increases by $25 per 
month through month 4. 

Iss (G, MOO), CL, WS), Z, ISO), 
(3, 175), (4, 200) 


Balance (dollars) 


Month 
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ANSWERS 
34-57. See Additional Answers. 


Mini-Assessment 


Determine whether the relation is a 

function. Explain. 

Ve t= Sy (4 aes) nl Veo) 
(1, 7) The relation is a function. 
Every input has exactly one output. 


2. y =x + 2 with inputs x = 2, x = 3, 
and x = 4 
The relation is a function. The input 2 
has exactly one output, 4. The input 
3 has exactly one output, 5. The 
input 4 has exactly one output, 6. 


3. Determine whether the graph 
represents a function. Explain. 


The graph does not represent a 
function. A vertical line can be 
drawn through (2, 2) and (2, 4). 

4. Find the domain and range of the 
function represented by the graph. 


The domain is -3 <x <2. 
The range is —3 <y <1. 

. The function y = 65x + 50 
represents the cost y (in dollars) for 
x hours of plumbing work. 


a. Identify the independent and 
dependent variables. 
independent variable: x; 
dependent variable: y 


. The domain is 1, 2, 3, 4, and 5. 
What is the range? 115, 180, 
245, 310, 375 
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34, 


Soe 


36. 


HOW DO YOU SEE IT? The graph represents the 
height A of a projectile after ¢ seconds. 


Height of a Projectile 


Height (feet) | | 


QOS GH 1S 2S Bae 
Time (seconds) 


a. Explain why # is a function of ft. 


b. Approximate the height of the projectile after 
0.5 second and after 1.25 seconds. 


c. Approximate the domain of the function. 


d. Is ta function of h? Explain. 


MAKING AN ARGUMENT Your friend says that a line 
always represents a function. Is your friend correct? 
Explain. 


THOUGHT PROVOKING Write a function in which 
the inputs and/or the outputs are not numbers. 
Identify the independent and dependent variables. 
Then find the domain and range of the function. 


ATTENDING TO PRECISION In Exercises 37-40, 
determine whether the statement uses the word function 
in a way that is mathematically correct. Explain your 
reasoning. 


Si 


38. 


£32). 


The selling price of an item is a function of the cost of 
making the item. 


The sales tax on a purchased item in a given state is a 
function of the selling price. 


A function pairs each student in your school with a 
homeroom teacher. 


40. A function pairs each chaperone on a school trip 
with 10 students. 


REASONING In Exercises 41-44, tell whether the 
statement is true or false. If it is false, explain why. 


41. Every function is a relation. 
42. Every relation is a function. 


43. When you switch the inputs and outputs of any 
function, the resulting relation is a function. 


44. When the domain of a function has an infinite number 
of values, the range always has an infinite number 
of values. 


45. MATHEMATICAL CONNECTIONS Consider the 
triangle shown. ‘ 


10 
a. Write a function that represents the perimeter of 
the triangle. 
b. Identify the independent and dependent variables. 


c. Describe the domain and range of the function. 
(Hint; The sum of the lengths of any two sides 
of a triangle is greater than the length of the 
remaining side.) 


REASONING In Exercises 46-49, find the domain and 
range of the function. 


46. y= |x| 47. y= —|2| 


48. y=|x|-—6 49. y=4-|x| 


Ma intain ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


96 


lf students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


Student Journal 
e Practice 


Write the sentence as an inequality. (Section 2./) 


50. A number y is less than 16. 5 
52. Seven is at most the quotient of a number d and — 


53. The sum of a number w and 4 is more than — 12. 


Evaluate the expression. (Skills Review Handbook} 


55. (—3) 


Chapter 3 Graphing Linear Functions 


1. Three is no less than a number x. 


Sb 


ff students got it... 


Resources by Chapter 
e Enrichment and Extension 
¢ Cumulative Review 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


Linear Functions 


Essential Question How can you determine whether a function is 
TEXAS ESSENTIAL linear or nonlinear? 
KNOWLEDGE AND SKILLS 


Au Sue VCM Finding Patterns for Similar Figures 


Work with a partner. Copy and complete each table for the sequence of similar 
figures. (In parts (a) and (b), use the rectangle shown.) Graph the data in each table. 
Decide whether each pattern is linear or nonlinear. Justify your conclusion. 


a. perimeters of similar rectangles b. areas of similar rectangles 


T ] ] || 
x 1 | 2) Sees | 2s a] s | 
o = i oo Bede | 
2x 
If A 
40 40 
30 30 
20}- 20 
10 10 
0 0 
) 2 4 6 8 x 0 > 4 6 Bk 
e. circumferences of circles of radius + d. areas of circles of radius r 
“aga een ae | ie ae “il ees | 
Me | ees | Br: 2 is ats | 
+ oo =i a aa pf toate <= 
| | | { | | 
ee ee. ee el 
C A 
SELECTING TOOLS : # 
ol- 
To be proficient in math, 
you need to identify sell. 60 
relationships using tools, 
such as tables and graphs. of 40 
10 20 
0 Seca 0 
0 2 4 6 See ) 2 4 6 a 


Communicate Your Answer 


2. How do you know that the patterns you found in Exploration | represent 
functions? 


3. How can you determine whether a function is linear or nonlinear? 


4. Describe two real-life patterns: one that is linear and one that is nonlinear. 
Use patterns that are different from those described in Exploration }. 
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SUPPORTING English Language Learners 


Read aloud the instructions for Exploration 1. Point out that students are being asked to 
copy, complete, and decide whether patterns are linear or nonlinear. Have them demonstrate 


_ understanding of this basic vocabulary by working in groups of mixed language abilities to do the 


exploration. 


Beginning Copy the tables for use by the group. 

Intermediate Complete the tables and graph results with the help of group members. 
Advanced Consult with group members and decide which patterns are linear and which are 
nonlinear. 

Advanced High Explain the conclusions of the group. 


ELPS 2.C.3 Learn basic vocabulary heard during classroom instruction and interactions. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
9 Knowledge and Skills 
A.2.A The student is expected to 
determine the domain and range of a 
linear function in mathematical problems; 
determine reasonable domain and range 
values for real-world situations, both 


continuous and discrete; and represent 
domain and range using inequalities. 


A.3.C The student is expected to graph 
linear functions on the coordinate plane 
and identify key features, including 
x-intercept, y-intercept, zeros, and slope, 
in mathematical and real-world problems. 


ANSWERS 
Ip a. 6,12, 18, 24,30; 


Ls ‘ 


a 
CN rs ce ox 
linear; The graph is a line. 


Ith 2, teh, Ils, 32, Se 
AA 


40 |- = - 


) — == _ 
© 2 4 6 8 & 
nonlinear, The graph is not a line. 
ic—4. See Additional Answers. 
For a section overview and insights 


into this Exploration page, see 
Laurie’s Notes at BigideasMath.com. 


Section 3.2 97 


Extra Example 1 
Does the graph represent a /inear or 
nonlinear function? Explain. 


a. 


The function is nonlinear because the 
graph is not a line. 


The function is linear because the 
graph is a line. 


Extra Example 2 
Does the table represent a /inear or 
nonlinear function? Explain. 


The function is linear because the rate 
of change is constant. As x increases 
by 2, y increases by 9. 


lean [ets] 
Py Lo [ar [ras [303] 


The function is nonlinear because the 
rate of change is not constant. As x 
increases by 2, y increases by different 
amounts. 
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What You Will Learn 


Identify linear functions using graphs, tables, and equations. 


Core Vocabulary... 


linear equation in 

two variables, p. 98 
linear function, p. 98 
nonlinear function, p. 98 
solution of a linear equation 

in two variables, p. 700 
discrete domain, p. 700 
continuous domain, p. 100 


change. So, its graph is nora line. 


Previous 
whole number 


SOLUTION 
a. The graph is nor a line. 


P So, the function is nonlinear. 


pee) Linear ramunetions 


Graph linear functions using discrete and continuous data. 
» Write real-life problems to fit data. 


ee a J les, x and y, is an equation that can be written in the 
form y = mx + b, where m and b are constants. The graph of a linear equation is 
a line. Likewisc, a linear function is a function whose graph is a nonvertical line. 
A linear function has a constant rate of change and can be represented by a linear 
equation in two variables. A nonlinear function does not have a constant rate of 


EXAMPLE 1 Identifying Linear Functions Using Graphs 


Does the graph represent a linear or nonlinear function? Explain. 


b. The graph is a line. 


P So, the function is linear. 


“EXAMPLE 2 Identifying Linear Functions Using Tables 


Does the table represent a linear or nonlinear function? Explain. 


“E a Gy | 
Ly] 36 | 30 | 24 | 18 


L 


SOLUTION 
+3 +3 43 
iM HS ) 
a. 
3 6 9 12 
REMEMBER es | 
A constant rate of change ee Pee He 
describes a quantity that St SS! 


0) =I =6 


changes by equal amounts 
over equal intervals. 


AS x increases by 3, y decreases by 
6. The rate of change is constant. 


IE [ 9 | 20 | 35 


ap seq APS 


AS x increases by 2, y increases by 
different amounts. The rate of change 


98 Chapter 3 


is not constant. 
> So, the function is linear. 
P So, the function is nonlinear. 


Graphing Linear Functions 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigldeasMath.com. 


eer 
_ Visual 

In Example 2, have students graph the functions represented by tables of ordered pairs. Students 
_can look at the graphs to reinforce their understanding of linear and nonlinear functions. 
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Does the graph or table represent a Jinear or nonlinear function? Explain. 


DPeNVewem Identifying Linear Functions Using Equations 


Which of the following equations represent linear functions? Explain. 


y = 3.8, y = Vx,y = 3%, y ,y = 6(« — 1), andx? —~y =0 


SOLUTION 
2 
You cannot rewrite the equations y = Vx, y = 3, y = Fe and x? ~ y = Qin the form 


y = mx + b. So, these equations cannot represent linear functions. 


p> You can rewrite the equation y = 3.8 as y = Ox + 3.8 and the equation 
y = 6(x — 1) as y = 6x — 6. So, they represent linear functions. 
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Does the equation represent a linear or nonlinear function? Explain. 


5. yH=xt9 6. y= ly VSS = ae 


Concept Summary 


Representations of Functions 
Words An output is 3 more than the input. 
Equation y=x+3 


Input-Output Table Mapping Diagram 


Input, al Output, y Input,x Output, y 
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Extra Example 3 
Which of the following equations 
represent linear functions? Explain. 
y= 2* y = 5x,y = 3 — 2x2, 
X-y=12,y=vx +3 
The equations y = 5x andx — y = 12 
represent linear functions because they 
can be written in the form y = mx + b. 
You can rewrite y = 5x asy = 5x + O and 
you can rewrite x —y = 12 asy =x — 12. 
The other equations cannot be written 
in the form y = mx + b, so they cannot 
represent linear functions. 


MONITORING PROGRESS 
ANSWERS 


1. linear; The graph is a line. 
2. nonlinear; The graph is not a line. 


3. linear; As x increases by |, 
y increases by 2. The rate of change 
is constant. 


4. nonlinear; As x increases by 1, 
y decreases by different amounts. 
The rate of change is not constant. 


5. linear; It can be written in the form 


y= Ixt+ 9. 
6. linear; It can be written in the form 
— 4 
= 5% ae 0. 


7. nonlinear; It cannot be written in the 
form y = mx + b. 


Section 3.2 99 


ei Linear Functions 


Extra Example 4 es is an ordered pair (x, y) that makes 


The linear function Vi 1.25x represents the aaen true. The eens of a ee equation in two variables is the set of points 
the cost y (in dollars) of x bottles of (x, y) in a coordinate plane that represents all solutions of the equation. Sometimes 
the points are distinct, and other times the points are connected. 


orange juice. Each customer can buy a 


maximum of five bottles. 65] Core Concept 


a. Find the domain of the function. Is 
the domain discrete or continuous? 
Explain. The maximum number of 
bottles a customer can buy is five. So 
the domain is 0, 1, 2, 3, 4, and 5. It 
is discrete because x represents the 
number of bottles, which must be a 
whole number. 


Discrete and Continuous Domains 


jain is a set of input values that consists of only certain numbers 


in an interval. 


Example: Integers from 1 to 5 ~<+—_{+_+ -@—_6_6—_@_| > 


=2—| Wo 2 sews fs 


A continuous domain is a set of input values that consists of all numbers in 
an interval. 


Example: All numbers from | to 5 SSS SSS SS 


b. Graph the function using its domain. SEER Graphing Discrete Data 


Bottles of Orange Juice The linear function y = 15.95x represents the cost y (in dollars) of x tickets for a 
y eee, STUDY TIP museum. Each customer can buy a maximum of three tickets. (a) Find the domain of 
= 6 : . : Tg teen the function. Is the domain discrete or continuous? Explain. (b) Graph the function 
in ion aes é < i 

= wy using its domain. (c) Find the range of the function. 

a P| 7 (4, ©) depends on the real-life - CES nats Baa 

3s diel 3.7S) context of the function, 

Z not just the equation that SOLUTION 

S represents the function. a. You cannot buy part of a ticket, only a certain number of tickets. Because 

x represents the number of tickets, it must be a whole number. The maximum 
0 2 4 Fe number of tickets a customer can buy is three. 
Number of bottles ie So, the domain is 0; 1, 2,and 3, and it is discrete. 

P ; \ RiGeeam Tickers b. Step 1 Make an input-output table to find the ordered pairs. ; 

c. Find the range of the function. Re 
‘ Input, x 15.95x | Output, | : 
The range is 0, 1.25, 2.5, 3.75, 5, and clas ‘ e + ni Gai 
on |B) Gg a785) | 0 | 15.95(0) | 0 (0, 0) 
3 a9 7 1 | — 5.95(1) 15.95 (1, 15.95) 
| % ae ae ol | 2 | 15.95(2) | Si) f(s SLES) 
MONITORING PROGRESS o C i kl 15.953) | 47.85 (3, 47.85) 
ANSWERS "912345 6% Step 2 Plot the ordered pairs. The domain is discrete. So, the graph consists 
8. a. 0, 1,2, 3,4, 5; discrete; Sample lee lluliber of-tickers | of individual points. 


answer: The number of DVDs 
bought must be a whole number 
and m must be at least 0. 


c. Use the input-output table to find the range. 


p> The range is 0, 15.95, 31.9, and 47.85. 
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8. The linear function m = 50 — 9d represents the amount 7 (in dollars) of money 
you have after buying d DVDs. (a) Find the domain of the function. Is the domain 
discrete or continuous? Explain. (b) Graph the function using its domain. (c) Find 
the range of the function. 
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Money left (dollars) 


ar aoe eT A 
DVDs purchased 
Ge 9, 14239324150 


100 Chapter 3 


EXAMPLE 5 


Graphing Continuous Data Extra Example 5 


A cereal bar contains 130 calories. The number ¢ of calories consumed is a function A runner’s speed is 5 miles per hour. The 
of the number b of bars eaten. . . . 
number m of miles run is a function of the 


a. Does this situation represent a linear function? Explain. number of hours A spent running. 


b. Find the domain of the function. Is the domain discrete or continuous? Explain. 


& Gaiuihesinabamiate doa a. Does this situation represent a linear 


STUDY TIP CAE ne HE Gane Or INE RUTCRION: function? Explain. This situation 
When the domain of : represents a linear function. Ash 
a linear function is not SOLUTION a . 
preci edie annot be increases by 1, m increases by 5. The 
obtained from a real-life a. As b increases by 1, c increases by 130. The rate of change is constant. rate of change is constant. 
context, it is understood P So, this situation represents a linear function. . . . 
to be all real numbers. b. Find the domain of the function. Is 


b. You can eat part of a cereal bar. The number b of bars eaten can be any value the domain discrete or continuous? 


greater than or equal to 0. ee oe, 
a Explain. The domain is A > 0, and it is 


> So, the domain is b > 0, and it is continuous. ‘ 
continuous. The number of hours spent 


c. Step 1 Make an input-output table to find ordered pairs. running can be any value greater than 
| Input,’ | Output, c (b, ¢) | or equal to 0. 
0 0 (0, 0) c. Graph the function using its domain. 
Cereal Bar Calories | 130 (1, 130) 
2 | 260 (2,260) | Miles Run 
3 390 (3,390) | 
oe 520 (4,520) 


Step 2 Plot the ordered pairs. 


Calories consumed 


Step 3 Draw a line through the points. The line should start at (0, 0) and continue 
to the right. Use an arrow to indicate that the line continues without end, 


0 
012345 6b 
Number of 


b as shown. The domain is continuous. So, the graph is a line with a domain 0 
ale ey ; DSO. 0 Z 4 6h 
Number of hours 
d. From the graph or table, you can see that the output values are greater than or 
equal to 0. 
Be treranceie 0. d. Find the range of the function. 


The range is m = 0. 
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9. Is the domain discrete or continuous? Explain. 
as ANSWERS 
input ! | > 3 | 9. discrete; The number of stories must 
| Number of stories, x | sill | | bet a hole number 
Output | id | i. rane 
‘Height of building (feet), y |? #8 Bispiatigoeievainetenses BVT, 
ts g decreases by 2.5. The rate of 
10. A 20-gallon bathtub is draining at a rate of 2.5 gallons per minute. The number change is constant. 
g of gallons remaining is a function of the number m of minutes. (a) Does this b. O0<m <8: continuous: A tub can 
c = is ? 


situation represent a linear function? Explain. (b) Find the domain of the function. 


Is the domain discrete or continuous? Explain. (c)}) Graph the function using its drain for part of a minute, so the 


domain. (d) Find the range of the function. time can be any value between 0 
a a and 8. 
Section 3.2 Linear Functions 101 c. £ oh 
= 
i) 
iS 
2 
w 
¢< 
a 
o ; 
i 4 6 8 Mm 


0 2 


Minutes 


ee 
S 

A 
a9 

/\ 
i) 
S 
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Extra Example 6 Writing Real-Life Problems 


Write a real-life problem to fit the data aig Writing Real-Life Problems 
shown in each graph. Is the domain of Write a real-life problem to fit the data shown in each graph. Is the domain of each 
each function discrete or continuous? function discrete or continuous? Explain. 
Explain. a. 
a. 
SOLUTION : 
a. You want to think of a real-life situation in which there are two variables, x and y. 
0 Using the graph, notice that the sum of the variables is always 6, and the value of 
0 2 a 6 8 x each variable must be a whole number from 0 to 6. 
Sample answer: The books on one ie | Meo teres . 
website each cost $10. Because it is | Beier. |. Discrete domain 
not possible to buy part of a book, 
the domain is discrete. > One possibility is two people bidding against each other on six coins at an 
auction. Each coin will be purchased by one of the two people. Because it is 
: not possible to purchase part of a coin, the domain is discrete. 
b ible to purch: f a coin, the domain is di 
b. You want to think of a real-life situation in which there are two variables, x and y. 
Using the graph, notice that the sum of the variables is always 6, and the value of 
each variable can be any real number from 0 to 6. 
Xa yi 10 Oley 6) Continuous domain 
> One possibility is two people bidding against each other on 6 ounces of gold 
dust at an auction. All the dust will be purchased by the two people. Because it 
is possible to purchase any portion of the dust, the domain is continuous. 
0 2. 4 6 Saeed Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
Sample answer: The frozen yogurt Write a real-life problem to fit the data shown in the graph. Is the domain of 
at one store costs $0.50 for each the function discrete or continuous? Explain. 
ounce. Because it is possible to buy ee . 12. AY 
any portion of yogurt, the domain is v 
; 6 e 6 
continuous. e 
4 ° 4 
ee 
MONITORING PROGRESS a ’ 
ANSWERS 
. 0) fet aes 
11. Sample answer: A teacher gives Y¥ 2 4 6 8x “\) ig ce 


every student 2 bonus points on a 
6-point quiz. x is the original score 
and y is the recorded score; discrete; 102 Chapter 3 Graphing Linear Functions 
The original score must be a whole 
number. 


12. Sample answer: A marble starts 
rolling 2 centimeters from a wall and 
rolls at a constant rate of 


0.5 centimeters per second for ae . ' ; ; : ; 
6 seconds; continuous; The rolling ¢ Exit Ticket: Explain how to determine whether a function has a continuous or discrete domain. 


time can be any value between 0 A continuous domain is a set of input values that consist of all numbers in an interval. A discrete 
and 6. domain is a set of input values that consist of only certain numbers. 
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3 . 2 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


ASSIGNMENT 
COMPLETE THE SENTENCE A linear equation in two variables is an equation that can be written Rees 4) ss = 
in the form , where m and b are constants. Basic: 1-4, 5-19 odd, 27-39 odd, 44, 
544, SO=116 
VOCABULARY Compare linear functions and nonlinear functions. 
Average: 1-3, 4-34 even, 35-37, 
VOCABULARY Compare discrete domains and continuous domains. 38—46 even, 52, 55-66 
WRITING How can you tell whether a graph shows a discrete domain or a continuous domain? Advanced: 1-4, 8-24 even, 25, 
26-54 even, 55-66 
Monitoring Progress and Modeling with Mathematics HOMEWORK CHECK 
In Exercises 5-10, determine whether the graph 13. 2 | 4 8 aa 2 | 16 | Basic: 5, PAG, 35,39 
represents a linear or nonlinear function. Explain. ‘ 
(See Example |.) y q 16 1 7 | 1 | Average: 6, 12, 20, 36, 40 
e i Advanced: 10, 14, 22, 36, 42 


14. re 


i a aaet 
= | @ 1 | 2 | 
L. eee 
a) 35 | 204 5 | 


= ANSWERS 


ERROR ANALYSIS In Exercises 15 and 16, describe and 1. y=mx+b 


correct the error in determining whether the table or 2. A linear function has a constant 
7. graph represents a linear function. rate of change and a graph that isa 
Se a nonvertical line. A nonlinear function 
x , aN ae does not have a constant rate of 
x | 2 ADIN 8 change and has a graph that is not 
ly| 4 | 16 | 64 | 256 a line. 
NS 3. Discrete domains consist of only 
9. wea certain numbers in an interval. 
As xincreases by 2, yincreases Continuous domains consist of all 


by a constant factor of 4. So, 
the function is linear. 


numbers in an interval. 

4. A graph with a discrete domain will 
consist of individual points, a graph 
with a continuous domain will show 
a line or curve. 


In Exercises 11-14, determine whether the table 


represents a linear or nonlinear function. Explain. 5. nonlinear; The graph is not a line. 
See Cxanple 2) 6. linear; The graph is a line. 
1. | x | a2 +: 4 7. linear; The graph is a line. 
y{ 5 | 1 | 15 | 20 | hcpraph oa enema 8. linear; The graph is a line. 

represents a linear function. 9. nonlinear; The graph is not a line. 

2 ae | a4 ul ——— — 10. nonlinear; The graph is not a line. 
i ~? | = | oe: 11. linear; As x increases by 1, 


y increases by 5. The rate of change 
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12. nonlinear; As x increases by 2, 
y increases by different amounts. 
The rate of change is not constant. 


15. The increase in y needs to be done by 
adding or subtracting the same amount to be 
linear, not multiplying; As x increases by 2, 
y increases by different amounts. The rate 


of change is not constant. So, the function is 14, linear; As x increases by 1, 
nonlinear. y decreases by 15. The rate of change 


is constant. 


13. nonlinear; As x increases by 4, 
y decreases by different amounts. 
The rate of change is not constant. 


16. A vertical line is not a function; The graph 
is a vertical line. So, the graph does not 
represent a function. 


Section 3.2 103 


In Exercises 17-24, determine whether the equation 31. Input 
. . represents a Jinear or nonlinear function. Explain. Timettho 3 6 9 
Dynamic Teaching Tools (Stereos) ie (hours), x | 
Dynamic Assessment & Progress Monitoring Tool ee = a 150 | 300 | 450 
y 8) : pues 17. y=x2+ 13 18. y=7— 3x : Distance (miles), y 
Interactive Whiteboard Lesson Library VE 
2 . Oe One 20. y= 4x(8 — x) 32. | | 
Dynamic Classroom with Dynamic Investigations nee ) | 2 
y g , 5 Relay teams, x | 
Pilly ae ey = Bee ae at Wee W= So = the = ay 
Output | 0 4 8 
= : = Athletes, y 
23. 18x —2y= 4. + 3y = Oxy nas ‘ele 
ANSWERS 3. 18x — 2y = 26 24. 2x + 3y = Oxy 4 
17. nonlinear; It cannot be rewritten in 25. CLASSIFYING FUNCTIONS Which of the following ERROR ANALYSIS In Exercises 33 and 34, describe and 
the form y = mx + b. equations do not represent linear functions? Explain. correct the error in the statement about the domain. 
18. linear; It can be rewritten as @ 12=2x2+ 4y2 yrox+3=x 
Vie SOM 
19. linear; It can be rewritten as © x= Oye = 4. 
= ear 7, E peas & y=ve+3 


20. nonlinear; It cannot be rewritten in 


the form y = mx + Bb. 26. USING STRUCTURE Fill in the table so it represents a 


21. linear; It can be rewritten as linear function. 


= . 1 7 I 
y 18x + 12. m5 | 10 | 15 | 20 | 25 
22. linear; It can be rewritten as ie } if 5 
_9 my ‘| | | 
= 5 de se UO, en = be : 
23. linear; It can be rewritten as 
a In Exercises 27 and 28, find the domain of the function 
ae. represented by the graph. Determine whether the 


24. nonlinear: It cannot be rewritten in domain is discrete or continuous. Explain. 


the form y = mx + b, 

25. A, C, F; None of these can be 
rewritten in the form y = mx + b. 

26. 2,5,8 

27. 2,4, 6; discrete; The graph consists of 
individual points. 


28. 


The graph ends at x = 6, 
so the domain is discrete. 


28. O<x <7; continuous; The graph is a 
line segment. 35. MODELING WITH MATHEMATICS The linear function 
m = 55 — 8.56 represents the amount m (in dollars) 


In Exercises 29-32, determine whether the domain is of money that you have after buying b books 
g ; 


29. discrete; The number of bags must be 


a whole number. discrete or continuous. Explain. (See Example 4.) 
30. continuous; The number of years 29. jap T r ‘ a. Find the domain of the function. Is the domain 
can be any value greater than or Bags, x | | discrete or continuous? Explain. 
equal to 0. Output 20 | 40 | 60 b. Graph the function using its domain. 
31. continuous; The time can be any Maile c. Find the range of the function. 
value greater than or equal to 0. 30. {input ria | 
32. discrete; The number of relay teams | Years, x 
must be a whole number. Ais Pace: 
Height of tree (feet), y L | 


33. There is no point with an x-value of 
2.5; 2.5 is not in the domain. 

34. The graph shows a continuous 
domain; The graph ends at x = 6, 
so the domain is O< x <6. 
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35. a. O, 1, 2,3, 4,5, 6; discrete; The number ce. 4, 12.50, 21, 29.50, 38, 46.50, 55 
of books must be a whole number. 


Money left (dollars) 


) 2 4 6» 
Books bought 
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36. 


37. 


38. 


MODELING WITH MATHEMATICS The number y 
of calories burned after x hours of rock climbing is 
represented by the linear function y = 650x. 


a. Find the domain of 
the function. Is the 
domain discrete or 
continuous? Explain. 


> 


Graph the function 
using its domain. 


c. Find the range of the function. 


MODELING WITH MATHEMATICS You are researching 
the speed of sound waves in dry air at 86°F. The table 
shows the distances d (in miles) sound waves travel 
inf seconds. (See Exampie 5.) 


Time Distance | 
(seconds), t | (miles), d 
2 0.434 
4 0.868 
6 1,302 
8 1.736 
10 2.170 


a. Does this situation represent a linear function? 
Explain. 


b. Find the domain of the function. Is the domain 
discrete or continuous? Explain. 


¢. Graph the function using its domain. 
d. Find the range of the function. 
MODELING WITH MATHEMATICS The function 


y = 30 + 5x represents the cost y (in dollars) of 
having your dog groomed and buying x extra services. 


Pampered Pups 


Ss 


a a: cH 


Extra Grooming Services 


Deshedding 
Ear Treatment 


Paw Treatment 
Teeth Brushing 
Nail Polish 


a. Does this situation represent a linear function? 
Explain. 


b. Find the domain of the function. Is the domain 
discrete or continuous? Explain. 


ce. Graph the function using its domain. 


d. Find the range of the function. 


41. Sample answer: The depth (in fect) of a 


scuba diver returning to the surface of an 
ocean as a function of the time; continuous; 


The time can be any value from 0 to 30. 
42. Sample answer: The total discount on 


WRITING In Exercises 39-42, write a real-life problem 
to fit the data shown in the graph. Determine whether 
the domain of the function is discrete or continuous. 


Explain. (See Example 6.) 


eh), 


40. 


43. 


44. 


USING STRUCTURE The table shows your earnings 
y (in dollars) for working x hours. 


a. What is the missing 


y-value that makes Time Earnings | 
the table represent a (hours), x 4 (dollars), y 
linear function? 4 40.80 
b. What is your hourly 5 a 
pay rate? 6 61.20 | 
7 [| nao | 


MAKING AN ARGUMENT The linear function 

d = 50r represents the distance d (in miles) Car A is 
from a car rental store after t hours. The table shows 
the distances Car B is from the rental store. 


Time Distance | 
ATTEN) ORAS | 
1 | 60 
Ss | 180 
es ; 310 


a. Does the table represent a linear or nonlinear 
function? Explain. 


b. Your friend claims Car B is moving at a faster rate. 
Is your friend correct? Explain. 
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4g a, S00) 
b. $10.20 
44, a. nonlinear; As f¢ increases by 2, 


d increases by different amounts. The 


rate of change is not constant. 


gloves as a function of the number of gloves 
purchased on sale, where a discount of 

$10 per pair is applied after paying full price 
for the first pair, with a maximum of 5 pairs; 
discrete; The number of gloves bought must 
be an even number no more than 10. 


b. yes, Using d = 50t, Car A has traveled 
a shorter distance for each of the times 
given in the chart for Car B. 


ANSWERS 


36. a. x20; continuous; The time can 
be any number of hours greater 
than or equal to 0. 


Calories burned 


37. a. yes; As ft increases by 2, 
d increases by 0.434. The rate 
of change is constant. 
b. £20; continuous; The time can 
be any value greater than or equal 
to 0. 


c 


° 
N wo 


Distance (miles) 


Time (seconds) 


d. d20 


38. a. yes; The equation can be 
rewritten as y = 5x + 30. 
lbs ©), IL, BS. 4 Se chissmeies Ine 
number of extra services must be 
a whole number. 


Cost (dollars) 


es 
0 a 4 x 
Extra services bought 


Gl, 210), 35, 40), 4s), SIO, SS 

39. Sample answer: The number of 
hours on a parking meter is a function 
of the number of tokens used, 
4 tokens for 1 hour and a maximum 
time of 2 hours; discrete; The number 
of tokens used must be 0, 4. or 8. 


40. Sample answer: The temperature 
of a substance in degrees Celsius 
as a function of time in minutes; 
continuous; The time can be any 
value between 0 and 6 minutes. 
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MATHEMATICAL CONNECTIONS In Exercises 45-48, tell 51. CLASSIFYING A FUNCTION Is the function 


AN SWERS whether the volume of the solid is a linear or nonlinear represented by the ordered pairs linear or nonlinear? 
45. nonlinear: V = 9s2 cannot be written function of the missing dimension(s). Explain. Explain your reasoning. 
in linear form. 45. 46. (0,2), (3, 14), (5, 22), (9, 38), (11, 46) 
46. linear; The formula can be written in 
the form V = 6b + 0. 52. HOW DO YOU SEE IT? You and your friend go 
47. linear: The formula can be written in 3 in. running. The graph shows the distances you and 
i 4in. our friend run. 
the form V = (47)h + 0. 4 i 
48. nonlinear; V = 5 ar? cannot be ra Ff 4 Running Distance 
written in linear form. : = Y 
: w 6 
49. a. the total gallons of water in one 25 
jug of each type; continuous Tea: g : 
b. the total number of jugs of both § 2 
: 24 
types; discrete ot 
c. the total gallons of water in all the hinutes 
jugs of the first type; continuous 49. REASONING A water company fills two different- en 
d. the total gallons of water in all the sized jugs. The first jug can hold x gallons of water. a. Describe your run and your friend’s ran. Who q 
: 2 The second jug can hold y gallons of water. The i 
jugs of both types; continuous Alls Atines oF he Grane dBi f th runs at a constant rate? How do you know? 
ee See l i SIS ae JES OUI Why might a person not run at a constant rate? 
7 ae ize. es each expressio: 
50-66. See Additional Answers. represent? Does each expression represent Foal b. Find the domain of each function. Describe the . 
a set of discrete or continuous values? ~*~, domains using the context of the problem. i 
/ 
b. A+B WRITING In Exercises 53 and 54, describe a real-life 
Mini-Assessment ce. Ax situation for the constraints. 
d. Ax + By J 53. The function has at least one negative number in the 


1. Does the table represent a /inear or domain. The domain is continuous. 


nonlinear function? Explain. 54 
50. THOUGHT PROVOKING You go to a farmer’s market 

to buy tomatoes. Graph a function that represents the 

cost of buying tomatoes. Explain your reasoning. 


. The function gives at least one negative number as an 
output. The domain is discrete. 


The function is nonlinear. The rate ‘ + 
of change is not constant. Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


. Does Va xe+ 14 represent a Evaluate the expression when x = 2. (Skills Review Handbook) 
linear or nonlinear function? 
Explain. Nonlinear; It cannot be 


written in the form y = mx + b. 


BB, year is Don IOS 2a 8 57. AG 2 ao) 


Solve the equation. Check your solution. (Section /.2) 


. The function y = 408x represents 59. 2x + 10 = 16 60. 8=5— 3p 
the number of calories burned 


y after x hours of hiking. 


Solve the inequality. Graph the solution. (Sectioi 2.3) 


a. Find the domain of the function. 63. 8x24 64. —37 < 24 


Is the domain discrete or 
continuous? Explain. domain: 
X = 0; It is continuous because 
the number of hours can be any 
value = 0. 
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. Graph the function. 


Calories Burned 


if students need help... If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time e Cumulative Review 


Student Journal 
e Practice 


ZA, 408). Start the next Section 
Z00, 0) 
0 2 4 
Number of hours 


Number of calories 


Differentiating the Lesson 
Skills Review Handbook 


Find the range of the function. 
The range is y = 0. 
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Function Notation 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Essential Question How can you use function notation to 


TEXAS ESSENTIAL represent a function? Lesson Planning Tool 
KNOWLEDGE AND SKILLS rae Tan Re Ai 
ane The notation f(x), called fune ion, is another name for y. This notation is Mien Leu Licrcose nese) ea ary 


read as “the value of f at x” or “fof x.” The parentheses do not imply multiplication. Dynamic Classroom with Dynamic Investigations 


You can use letters other than fto name a function. The letters g, h, j, and k are often 
used to name functions. ve 


FSGkel Ie RM =Matching Functions with Their Graphs 


Work with a partner, Match each function with its graph. 
a. f(x) = 2x — 3 b. gx) =—-x+2 
(Gy (GS) =! = II Gh, Go) = ae = 3 


tm Texas Essential 
Knowledge and Skills 
A.3.C The student is expected to graph 
linear functions on the coordinate plane 


and identify key features, including 
x-intercept, y-intercept, zeros, and slope, 


USING PRECISE 
MATHEMATICAL 


4 a . 
LANGUAGE 2 ; in mathematical and real-world problems. 
To be proficient in math, : 
Wetneccvoucecear J i A.12.B The student is expected to 
definitions and state the evaluate functions, expressed in function 
ie ay Ula Slee s notation, given one or more elements in 
mi their domains. 
D. 
ANSWERS 
I, bh 18 
b. D 
Ge A 
; ‘ F Gh 
Ebel -Vilelh\iyay Evaluating a Function 
De eae (led) 
Work with a partner. Consider the function b. (0, 3) 
HCD) = SSE 3F 3h & (il, 2) 
Locate the points (x, f(x)) on the graph. d. (2,1) 


Explain how you found each point. ; ’ 
Locate the x-coordinate, trace it up 


at) to the line, and then trace over to the 
b. (0, f(0)) y-axis to determine the y-coordinate. 
ce. (fC) 3. Replace “y’” with “f(x)” in the 

d. (2, f(2)) equation; They both give the rule 


for determining the output; Standard 
notation uses “y” to indicate the 
output, function notation uses “f(x)” 


to indicate the output. 


Communicate Your Answer 


3. How can you use function notation to represent a function? How are standard 
notation and function notation similar? How are they different? 


Standard Notation Function Notation 


y=2x+5 HG) = Be ae SD 


For a section overview and insights 
into this Exploration page, see 
Laurie’s Notes at BigideasMath.com. 
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SUPPORTING English Language Learners | 


_ Read aloud the instructions that accompany the Essential Question. Have students work in pairs of 


mixed language abilities to complete the explorations and Communicate Your Answer. 


Beginning/Advanced Beginning students read aloud the examples of function notation as 

modeled by the teacher in the instructions (the value of f at x, f of x). Then work with Advanced 
students to determine answers. Advanced students state the answers using complete sentences. 
Intermediate/Advanced High Intermediate students read aloud the examples of function | 
notation and state their answers. Advanced High students provide explanations for the answers. | 


ELPS 3.D.2 Speak using grade-level content area vocabulary in context to build academic 
language proficiency. 
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3.3 Lesson What You Will Learn 
® Use function notation to evaluate and interpret functions. 
p® Use function notation to solve and graph functions. 
Gore Vocabulary, P Solve real-life problems using function notation. 


function notation, p. 108 


Extra Example 1 

Evaluate f(x) = 2x — 7 whenx = 4 and 
x= —4, 

When x = 4, f(x) = 1, and when 

x = —4, f(x) = -15. 


Previous Using Function Notation to Evaluate and Interpret 
linear function You know that a linear function can be written in the form y = mx + b. By naming a 
Extra Example ? quadrant linear function f, you can also write the function using function 


fo =mx+b Function notation 


Let f(t) be the outside temperature (°F) 
t hours after 10 A.M. Explain the meaning 
of each statement. 


The notation f(x) is another name for y. If fis a function, and x is in its domain, then 
F(x) represents the output of f corresponding to the input x. You can use letters other 
than fto name a function, such as g or h. 


eh AO) = 75 é, 
h > eNVidese Evaluating a Function : 
The temperature at 10 A.M. is 75°F. 
READING Evaluate f(x) = —4x + 7 when x = 2 and x = —2. 

b. f(3) =n | The notation f(x) is read 

The temperature at 1 P.M. (3 hours | i MES SUS Oras ar SOLUTION 

of x.” It does not mean : ; 

after 10 A.M.) is n°F. apne ff) = -4x +7 Write the function. f(x) = -4x +7 
é, f(1) > f(9) f(2 = -4(2) +7 Substitute for x. i= OD) a2 7 

The temperature at 11 A.M. (1 hour es dl Multiply. Sop 7) 

after 10 A.M.) is greater than the =! Add. =a15 

temperature at 7 P.M. (9 hours after p> When x = 2, f(x) = —1, and when x = —2, f(x) = 15. 


10 A.M.). 


NV igeawa Interpreting Function Notation 


Let f(1) be the outside temperature (°F) ¢ hours after 6 A.M. Explain the meaning of 


MONITORING PROGRESS 


AN SWERS each statement. 
1 de oe a. f(0) = 58 b. f(6) =n ce. £3) < f9) 
Bo Be =e al SOLUTION 


3. a. The temperature is 75°F at | p.m. a. The initial value of the function is 58. So, the temperature at 6 A.M. is 58°F. 


b. The temperature is 70°F mm hours 
after 9 A.M. 


b. The output of f when t = 6 is 2. So, the temperature at noon (6 hours after 
6 A.M.) is n°F. 


c. The output of f when ¢ = 3 is less than the output of f when r = 9. So, the 
temperature at 9 a.m. 3 hours after 6 A.M.) is less than the temperature at 
3 p.M. (9 hours after 6 A.M.). 


c. The temperature at 11 A.M. is the 
same as the temperature at 6 P.M. 
d. The temperature at 3 P.M. is 
greater than the temperature at —_. ) 
OAM. Monitoring Progress a Help in English and Spanish at BigideasMath.com 
Evaluate the function when x = —4, 0, and 3. 
1. fd) = 2x-5 2p BE) = = = || 
3. WHAT IF? In Example 2, let f(‘) be the outside temperature (°F) / hours after 
9 A.M. Explain the meaning of each statement. 


a f(4)=75 bb fin)=70 cc f(2)=f(9)  d. f(6) > f0) 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


¢ English Language Learners 


Comprehension 
Make sure that students understand that f(x) is another name for y. Some students may confuse the 
function notation with the use of parentheses as a multiplication symbol because they know that 

the expression 2(x) means 2 times x. 
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STUDY TIP 


The graph of y = f(x) 
consists of the points 
(x, F(X). 


Using Function Notation to Solve and Graph 


GNM iGeeem Solving for the Independent Variable 


For h@) = 2x — 5, find the value of x for which h(x) = —7. 
SOLUTION 
INGO) = 3x = 5 Write the function. 
-T= Sx = 5 Substitute —7 for A(x). 
ap 3 se Add S to each side. 
-2=% Simplify. 
3 aS eee ; : 3 
ROH) Ss oe Multiply each side by 5. 
=3 = % Simplify. 


Ph When x = —3, A(x) = -7. 


PONV ieee 8 Graphing a Linear Function in Function Notation 
Graph f(x) = 2x + 5. 
SOLUTION 


Step 1 Make an input-output table to find ordered pairs. 
. BEE 

1e { 

| RRR 

Step 2 Plot the ordered pairs. 


Step 3 Draw a line through the points. 


i 
Ax) = 2x + 5] 
ee 


Monitoring Progress @)) Help in English and Spanish at BigideasMath.com 


Find the value of x so that the function has the given value. 


4. fo) = 6x + 9; fC) = 21 5. g(x) = x +3; g(x) =-1 
Graph the linear function. 


6. f(x) = 3x-2 7. g(x) = —-x+4 8. A(x) = —3x-1 
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Extra Example 3 

For g(x) = 5x — 2 find the value of x for 
which g(x) = —4. 

When x = —6, g(x) = —4. 


Extra Example 4 
Graph f(x) = 3 — x. 


MONITORING PROGRESS 


ANSWERS 
il eS 2 
5. x=8 
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Extra Example 5 Solving Real-Life Problems 


Use the graph in Example 5 for the DNV ges Modeling with Mathematics 
first flight of the helicopter. Let First Flight The graph shows the number of miles a helicopter is from its destination after 
f(x) = 300 — 75x represent the second a x hours on its first flight. On its second flight, the helicopter travels 50 miles farther 
: : : ees 50) and increases its speed by 25 miles per hour. The function f(x) = 350 — 125x 
flight, where Ax) Ip the number of miles 2 300 represents the second flight, where f(x) is the number of miles the helicopter is 
the helicopter is from its destination after & a from its destination after x hours. Which flight takes less time? Explain. 
x hours. Which flight takes less time? Z 150 
ae g Bsa SOLUTION 
Ae alls : ; a 7 ra 1. Understand the Problem You are given a graph of the first flight and an equation 
The first flight takes less time. For the Connie si aes of the second flight. You are asked to compare the flight times to determine which 
first flight, when f(x) = 0, x = 3. For the Helle Hipputakes less time: 
second flight, when f(x) =k 2. Make a Plan Graph the function that represents the second flight. Compare the 


graph to the graph of the first flight. The x-value that corresponds to f(x) = 0 
represents the flight time. 


MONITORING PROGRESS 3. Solve the Problem Graph f(x) = 350 — 125x. . 
ANSWER Step 1 Make an input-output table to find the ordered pairs. 
9. the first flight; The graph of the 
ne 5 ie 0 il 2 | 3 
second flight shows that when 2 
f(x) = 0, x is slightly more than 3. | FOd | 350 | 225 | 100 | ~25 


Step 2 Plot the ordered pairs. 


Step 3 Draw a line through the points. Note y 
that the function only makes sense 
when x and f(x) are positive. So, only 


(feo = 350 — 125x]} 
draw the line in the first quadrant. aa 


Ce 


> From the graph of the first flight, you can see that when f(x) = 0, x = 3. 
From the graph of the second flight, you can see that when f(x) = 0, x is 
slightly less than 3. So, the second flight takes less time. 


4. Look Back You can check that your answer is correct by finding the value 
of x for which f(x) = 0. 


f(x) = 350 ~ 125x Write the function. 
C350 125% Substitute 0 for f(x). 
=3\0) = Ilse Subtract 350 from each side. 
28 =x Divide each side by -125. 


So, the second flight takes 2.8 hours, which is less than 3. 
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9. WHAT IF? Let f(x) = 250 — 75x represent the second flight, where f(x) is the 
number of miles the helicopter is from its destination after x hours. Which flight 
takes less time? Explain. 
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| Closure 


¢ Writing Prompt: What do you understand when you see f(x) = 4x — 3? Sample answer: The 
equation is a function with the name f. To find the value of fat x, substitute a value of x into the 
function and evaluate. 
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3 . 3 Exe rcises Dynamic Solutions available at BigldeasMath.com 


Assignment Guide and 
Homework Check 


Vocabulary and Core Concept Check 


- COMPLETE THE SENTENCE When you write the function y = 2x + 10 as f(x) = 2x + 10, 
you are using : 


ASSIGNMENT 

Basic: 1, 2, 3-15 odd, 19-31 odd, 34, 
37-42 

Average: 1, 2-30 even, 31, 33, 34, 
37-42 

Advanced: 1, 2, 8-12 even, 17, 
18-30 even, 31-42 


. REASONING Your height can be represented by a function /, where the%input is your age. 
What does (14) represent? 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-10, evaluate the function when x = —2, 0, In Exercises 19 and 20, find the value of x so that 

and 5. (See Example I.) LEYS HOMEWORK CHECK 
3. f@=x+6 4. g(x) = 3x 19. hy Basic: 3, 11, 13, 23, 29 
S. A(x) = -2x + 9 6. r= —x-7 " : Average: 6, 12, 14, 24, 30 
eee & ene _ Advanced: 8, 12, 18, 26, 30 


Ch wep = es 10. n@)=-l—-x+4 


11. INTERPRETING FUNCTION NOTATION Let c(¢) be ANSWERS 


the number of customers in a restaurant ¢ hours after a ce oa By ae Pee ne cin f | 1. function notation 
8 A.M. Explain the meaning of each statement. > ae ee ee 


Veareaiile 2) buying x tickets to the orchestra with a $10 coupon. 2. your height at 14 years old 
a AO 0 b. c3) = (8) a. How much does it cost to buy five tickets? ay Ge ©: Il 
& Soo d. (13) < (12) b. How many tickets can you buy with $130? 4. —6;0; 15 
; S, 33S =I 
12. INTERPRETING FUNCTION NOTATION Let H(x) be the 22> MOREUING WITHIMATHEMATICS “he tunction ne eee 
percent of U S) households with Intemet use x years a(t) = 300,000¢ represents the distance (in kilometers) 6. 33h S12 
after 1980, Explain the meaning of each statement. eRe avian eseconds i Soa, 
a. How far does light : ; 
Bs 13) = 55 b. H4=k travel in 15 seconds? 8. 19, 18; 15.5 
c. H(27) 2 61 b. How long does it eat 
d. H(7) + HQ1) ~ HQ9) take light to travel I. Saag —2 
. 12 million kilometers? 1 . 
. a. There are no customers in the 
In Exercises 13-18, find the value of x so that the restaurant at 8 A.M. 
function has the given value. (See Example 3.) 

b. There are the same number of 
en ee eee) = 6° customers in the restaurant at 
14. t(x) = 3x, 1) = 24 11 A.M. as there are at 4 P.M. 

c. There are 29 customers in the 
18. md = 4x + 15: my) = In Exercises 23-28, graph the linear function. 

Se Se, ma) 7 restaurant # hours after 8 A.M 
(See Example 4.) ESE a © Pm 


d. There are fewer customers in the 
restaurant at 9 p.m. than there are 

28. d(x) =—ix-3 26. w(x) =2x+2 at 8 PM. 

12. a. 55% of U.S. households had 

Internet use in 2003. 

Section 3.3 Function Notation 111 b. k% of U.S. households had 
Internet use in 1984, 

c. Atleast 61% of U.S. households 
had Internet use in 2007. 


16. k(x) = 6x — 12; k(x) = 18 23. p(x) = 4x 24. h(x) = -5 


17. g(x) = 5x — 3: qx) = -4 


jp ee 
18. JQ) = ~5x + 7,70) = —5 27. g(x) = —4 + Ix 28. f(x) =3 - 6 


Ws 36 = = 2) 23. d. The sum of the percents of U.S. 
18. x= 15 households with Internet use in 
if, -=5 1997 and 2001 is about the same 
a0; 3 == as the percent of USS. households 
with Internet use in 2009. 

21. a. $77.50 | ee 

b. 8 tickets : ‘i 
22. a. 4,500,000 km mae yk ieee 5 

ADEs 24-28. See Additional Answers. ican 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

29. the tablet computer; The graph of the 
tablet computer shows that when 
p(t) = 0, tis 6, which is greater 
than 5. 


30-42. See Additional Answers. 


Mini-Assessment. 


1. Evaluate f(x) = 3x — 6 when x = 2 
and = Vieni sex) 0) 
and when x = —4, f(x) = —18. 


2. Let f(r) be the number of riders on a 
bus r hours after 8 A.M. Explain the 
meaning of the statement f(5) = 23. 
At 1 P.M. there are 23 riders. 

3. For g(x) = —5x + 1, find the value 
of x for which g(x) = —9. When 
xX = 2, g(x) = —9. 

4. Graph f(x} = —3x — 2. 


_ Sees 


FG) ~ 3x — 2) 


. The table shows the number of 
miles a car is from its destination 
after x hours on its first trip. 


On its second trip, the car travels 

10 miles farther and increases 

its speed by 10 miles per hour. 

The function A(x) = 210 — 60x 
represents the second trip. Which 
trip takes less time? Explain. The 
second trip takes less time. The first 
trip takes 4 hours, and the second 
trip takes 3.5 hours. 
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29. PROBLEM SOLVING The graph shows the percent 
p (in decimal form) of battery power remaining 
in a laptop computer after / hours of use. A tablet 
computer initially has 75% of its battery power 
remaining and loses 12.5% per hour. Which 
computer’s battery will last longer? Explain. 

(See Example 5.) 


i Laptop Battery 


2S SS 
BHeOOND 


Power remaining 
(decimal form) 
i=) 
N 


0 
o1 234567 
Hours | 


30. PROBLEM SOLVING The function [7 __ 
| Hours | Cost 


C(x) = 25x + 50 represents the 

labor cost (in dollars) for Certified P 2 1$130 
Remodeling to build a deck, where 4 $160 | 
xis the number of hours of labor. | ( 
The table shows sample labor costs bees $190 | 


from its main competitor, Master 
Remodeling. The deck is estimated to take 8 hours 
of labor. Which company would you hire? Explain. 


31. MAKING AN ARGUMENT Let P(x) be the number of 
people in the U.S. who own a cell phone x years after 
1990. Your friend says that P(x + 1) > P(x) for any x 
because x + | is always greater than x. Is your friend 
correct? Explain. 


balance after ¢ days. Describe a situation in which 
B(O) < B(4) < B(2). 


33. MATHEMATICAL CONNECTIONS Rewrite each 
geometry formula using function notation. Evaluate 
each function when r = 5 feet. Then 
explain the meaning of the result. 


a. Diameter, d = 2r 
b. Area, A = ar2 


ec. Circumference, C = 2a7r 
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32. THOUGHT PROVOKING Let B(t) be your bank account . 


34. HOW DO YOU SEE IT? The function y = A(x) 
represents the attendance at a high school x weeks 
after a flu outbreak. The graph of the function 
is shown. : 


Attendance 


Number of students 


Week b 


a. What happens to the school’s attendance after the 
flu outbreak? 


b. Estimate A(13) and explain its meaning. 


c. Use the graph to estimate the solution(s) of the 
equation A(x) = 400. Explain the meaning of 
the solution(s). 


d. What was the least attendance? When did 
that occur? 


e. How many students do you think are enrolled at 
this high school? Explain your reasoning. 


35. INTERPRETING FUNCTION NOTATION Let f be a 
function. Use each statement to find the coordinates 
of a point on the graph of f- 


a. (5S) is equal to 9. 
b. A solution of the equation f(n) = —3 is S. 
36. REASONING Given a function /, tell whether 
the statement 
fla + b) = fl@) + fb) 


is true or false for all inputs a and bd. If it is false, 
explain why. 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Solve the inequality. Graph the solution. — (Section 2.5) 


Bie 2S = Ms 38. 5a<-350ra— 14> 1 


EL les Ole ae xs 0 405) 20-2) 9101 4d 8 


4. 5 <3y4+8<17 42. 4v +9 < Sor —3v > —-6 


If students got it... 


Chapter 
e Practice A and Practice B 
e Puzzle Time 


Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 


: 


Student Journal 
e Practice 


Start the next Section 


ae : a 
Differentiating the Lesson 


Skills Review Handbook 


3.1-3.3 What Did You Learn? 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Core Vocabulary 


interactive Whiteboard Lesson Library 


relation, p. 90 linear function, p. 98 Dynamic Classroom with Dynamic Investigations 
function, p. 90 nonlinear function, p. 98 

domain, p. 92 solution of a linear equation in two variables, p. /00 

range, p. 92 discrete domain, p. 10@ 

independent variable, p. 93 continuous domain, p. /00 ANSWERS 

dependent variable, p. 93 function notation, p. /08 1. Use a graphing calculator to graph 


linear equation in two variables, p. 98 the functions and check the domain 


and range of the graphs. 
2. Look for a pattern in the change in 
earnings. 


Core Concepts 


3. The function represents the cost in 


ae : : dollars for the tickets at $17.50 each 

Determining Whether Relations Are Functions, p. 90 The Domain and Range of a Function, p. 92 ‘ ; es 

Vertical Line Test, p. 9/ Independent and Dependent Variables, p. 93 minus the $10 discount. All quantities 
are in dollars. 

Section 3.2 

Linear and Nonlinear Functions, p. 98 Discrete and Continuous Domains, p. /00 


Representations of Functions, p. 99 


Section 3.3 
Using Function Notation, p. /08 


Mathematical Thinking 


1. How can you use technology to confirm your answers in Exercises 46-49 on page 96? 


2. How can you use patterns to solve Exercise 43 on page 105? 


we 


How can you make sense of the quantities in the function in Exercise 21 on page 111? 


> [a eb sie ee Se ee 
Staying Focused 
during Class 


As soon as class starts, quickly review your notes from veh 
the previous class and start thinking about math. 
Repeat what you are writing in your head. 


When a particular topic is difficult, ask for ‘ 
another example. 
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ANSWERS | 3.1-3.3 Quiz 


1. function; Each input has exactly one 
output. 


2. nota function; The input iG hac Determine whether the relation is a function. Explain. (Section 3.1) 


two outputs, 2 and 6, and the input 1. | Input, x Ses | lee a ca (= NO, 2), (Se 3), (18; Db (8) (NO, Oh 
0 i 1 | a 


—8 has two outputs, 3 and 8. 
3h (Glorinesne 0), I, 2, 3. ae 
iamuee =S,, — 3, — ll, Il Find the domain and range of the function represented by the graph. (Section 3.1) 


4 Sa 


Output, y | 


4, domain: all real numbers; range: a, 
Des) 

5. domain: —3 $x <3; 
range: -l1<ys<3 

6. linear; The graph is a line. 


7. nonlinear; As x increases by 5, 
y increases by different amounts. 


; Determine whether the graph, table, or equation represents a linear or nonlinear 
The rate of change is not constant. ee ae e 


function. Explain. (Section 3.2) 
8. nonlinear; It cannot be written in the 


7. 4 8. y =x(2—x) 
form y = mx + b. bites) 
9, continuous; The depth can be any ae 
number of feet. 0 y | 
Ss | Io) 


10. discrete; The number of hats must 
be a whole number. 


Determine whether the domain is discrete or continuous. Explain. (Section 3.2) 


*. Gepthteed | l ol] fie)? l a]. | 


Pressure (ATM), y | 2 | 3 | 4 | | Cost (dollars), y 36 | 54 [ We | 


11. For w(x) = —2x + 7, find the value of x for which w(x) = —3. (Section 3.3) 


Graph the linear function. (Section 3.3) 


U2, Ge) = a2 4p SI 13. p(x) = -3x-1 14. m(x) = 2x 


15. The function m = 30 — 3rrepresents the amount m (in dollars) of money you 
have after renting r video games. (Section 3.1 and Section 3.2) 

Identify the independent and dependent variables. 

Find the domain of the function. Is the domain discrete or continuous? Explain. 


Graph the function using its domain. 


ea fe ter 


Find the range of the function. 
16. The function d(x) = 1375 — 110x represents the distance (in miles) a high-speed 
train is from its destination after x hours. (Secfion 3.3) 


a. How far is the train from its destination after 8 hours? 
b. How long does the train travel before reaching its destination? 
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c 16. a. 495 mi 
b. 12.5h 
5 
i) 
2 
eS 
a 
> 
15. a. mis the dependent variable and = 
ris the independent variable. 
ts @, lB, 3,4 SG, 7.8, G IC 
discrete; The number of video Videorirentad 
games rented must be a whole 
ONS nici alam lone liseilee2 ages () 
number. 
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Graphing Linear Equations 


in Standard Form 


TEXAS ESSENTIAL i i 
ad KNOWLEDGE AND SKILLS Essential Question tow can you describe the graph of the equation 
ABC Ax + By=C? 


Cake VVGeNM Using a Table to Plot Points 


zs 
Work with a partner. You sold a total of $16 worth of tickets to a fundraiser. You 
lost track of how many of each type of ticket you sold. Adult tickets are $4 each. Child 
tickets are $2 each. 


ie Number of al . Numberof _ 
adult adult tickets child child tickets 


FORMULATING 
A PLAN 


To be proficient in math, 
you need to find an entry 
point into the solution of 
a problem. Determining b. Copy and complete the table to show the y [ a | 
what information you different combinations of tickets you oe — 

know, and what you can might have sold. WY | i | 
do with that information, 


can help you find an 
entry point. d. If you remember how many adult tickets you sold, can you determine how many 


child tickets you sold? Explain your reasoning. 


dane) vile) Rewriting and Graphing an Equation 


Work with a partner. You sold a total of $48 worth of cheese. You forgot how many 
pounds of each type of cheese you sold. Swiss cheese costs $8 per pound. Cheddar 
cheese costs $6 per pound. 


a. Let x represent the number of adult tickets. Let y represent the number of child 
tickets. Use the verbal model to write an equation that relates x and y. 


c. Plot the points from the table. Describe the pattern formed by the points. 


s . Poundsof = Pounds of _ 
pound Swiss pound cheddar 


a. Let x represent the number of pounds of Swiss cheese. Let y represent the number 
of pounds of cheddar cheese. Use the verbal model to write an equation that 
relates x and y. 


b, Solve the equation for y. Then use a graphing calculator to graph the equation. 
Given the real-life context of the problem, find the domain and range of 
the function. 


¢. The x-intercept of a graph is the x-coordinate of a point where the graph crosses 
the x-axis. The y-il t of a graph is the y-coordinate of a point where the 
graph crosses the y-axis. Use the graph to determine the x- and y-intercepts. 


d. How could you use the equation you found in part (a) to determine the 
x- and y-intercepts? Explain your reasoning. 


e. Explain the meaning of the intercepts in the context of the problem. 


Communicate Your Anewer 


3. How can you describe the graph of the equation Ax + By = C? 


4, Write a real-life problem that is similar to those shown in Explorations | and 2. 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


| SUPPORTING English Language Learners 


Have students work in pairs of similar language abilities to complete the explorations. Have them 
read portions aloud to check their reading ability. 


Beginning State examples of words found in the directions that they frequently see and 
automatically know. You, a, of, how, many, each, and are would all be possibilities. 
Intermediate Read the direction lines aloud. 

Advanced/Advanced High Read the direction lines and restate them in their own words. 


ELPS 4.C.1 Develop basic sight vocabulary used routinely in written classroom materials. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool | 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library | 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.3.C The student is expected to graph 
linear functions on the coordinate plane 
and identify key features, including 


x-intercept, y-intercept, zeros, and slope, 
in mathematical and real-world problems. 


ANSWERS 
1. a. 4x + 2y = 16 


b. 0, 1, 2, 3, 4; 8, 6, 4, 2,0 


een = 


0 2 4 e 

The points create a line with a 
slope of —2. For each adult ticket 
sold, the number of child tickets 
sold decreases by 2. 


d. yes; The relationship can be 
expressed as an equation with 
2 variables. If the value of one 
of the variables is known, the 
other can be found. 


2. a. 8x + 6y = 48 
b. y=8-4 


8 


=] 

domain: 0< x <6; 
range: 0S x<8 

c. x-intercept: 6; y-intercept: 8 
To find the x-intercept, set 
y = O and solve for x, to find the 
y-intercept, set x = 0 and solve 
for y; Because the intercepts are 
where the graph crosses the axes, 
the y-coordinate of the x-intercept 
must be 0, and the x-coordinate of 
the y-intercept must be 0. 


2e-4. See Additional Answers. 
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What You Will Learn 


Extra Example 1 3.4 Lesson 


Graph equations of horizontal and vertical lines. 


a. Graphy = —1.5. 


! 
| » Graph linear equations in standard form using intercepts. 
Gore Vocabulary. Find zeros of functions. 
| standard form, p. 116 » Use linear equations to solve real-life problems. 
x-intercept, p. 177 
y-intercept, p. 777 5 F ‘ 
sto ORC oriiaie Horizontal and Vertical Lines 
p The standard form of a linear equation is Ax + By = C, where A, B, and C are real 
Previous 
: numbers and A and B are not both zero. 
ordered pair 
quadrant Consider what happens when A = 0 or when B = 0. When A = 0, the equation 
a a becomes By = C, ory = . Because ‘ is a constant, you can write y = b. Similarly, 
when B = 0, the equation becomes Ax = C, or x = £ and you can write x = a. 
G) Core Concept 
Horizontal and Vertical Lines 
y 
Vey 
x 
MONITORING PROGRESS The graph of y = b is a horizontal The graph of x = ais a vertical 
ANSWERS line. The line passes through the line. The line passes through the 
1 2 ei ee point (0, 2). point (a, 0). 
PON VIR Same Horizontal and Vertical Lines 
Graph (a) y = 4 and (b) x = —2. : 
SOLUTION 
a. For every value of x, the value of b. For every value of y, the value of 
yis 4. The graph of the equation xis —2. The graph of the equation 
2. y = 4is a horizontal line 4 units x = —2 isa vertical line 2 units to 
STUDY TIP above the x-axis. the left of the y-axis. 


For every value of x, the 
ordered pair (x, 4) is a 
solution of y = 4. 


Paes 


| 
| 
| 
L 
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Graph the linear equation. 


th. = 25) 2,x=5 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 
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Using Intercepts to Graph Linear Equations 


You can use the fact that two points determine a line to graph a linear equation. Two Extra Example 2 . 
convenient points are the points where the graph crosses the axes. Use intercepts to graph the equation 


x+2y=6. 
G@ Core Concept 


Using Intercepts to Graph Equations 


The x-intercept of a graph is the x-coordinate 
of a point where the graph crosses the 3-axis. 
It occurs when y = 0. (0, b) 


The y-intercept of a graph is the y-coordinate 
of a point where the graph crosses the y-axis. 
It occurs when x = 0. 


v 


/ y-intercept = b 


x-intercept = al 


To graph the linear equation Ax + By = C, find the intercepts and draw 


the line that passes through the two intercepts. MONITORING PRO GRESS 
° To find the x-intercept, let y = 0 and solve for x. ANSWERS 
° To find the y-intercept, let x = 0 and solve for y. a 


4 os vi 


“EXAMPLE 2 Using Intercepts to Graph a Linear Equation 


Use intercepts to graph the equation 3x + 4y = 12. 


SOLUTION 
Step 1 Find the intercepts. 


4, 
To find the x-intercept, substitute 0 for y and solve for x. 

STUDY TIP 3x + 4y = 12 Write the original equation. 

As a check, you can find 3x + 4(0) = 12 Substitute 0 for y. 

a third solution of the 

equation and verify that Bets Solve for x. 

the corresponding point To find the y-intercept, substitute 0 for x and solve for y. 

is on the graph. To find a 

third solution, substitute 3x + 4y = 12 Write the original equation. 

any value for one of the 3(0) + 4y = 12 Substitute 0 for x. 

variables and solve for the 

other variable. yss Solve for y. 


Step 2 Plot the points and draw the line. 


The x-intercept is 4, so plot the point (4, 0). 
The y-intercept is 3, so plot the point (0, 3). 
Draw a line through the points. 
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Use intercepts to graph the linear equation. Label the points corresponding 
to the intercepts. 


3. 2x-y=4 4. x+3y=-9 
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Differentiated Instruction 


Auditory/Visual 

| Show students three different graphs—one with only an x-intercept, one with only a y-intercept, 
and one with both an x- and y-intercept. Ask one student to name each x-intercept and a second 
student to name each y-intercept. Emphasize that an intercept is not an ordered pair, but rather it is 
the x- or y-coordinate of a point where the line crosses an axis. 


; Section 3.4 


117 


Extra Example 3 

Find the zero of the function 

f(x) = —7x — 21. The zero of the 
function is —3. 


Extra Example 4 

A family is driving to the beach, traveling 
an average of 50 miles per hour. The 
function f(x) = —50x + 200 represents 
the distance left to drive at that speed, 
where x is the number of hours driven. 
Find the zero of the function. Explain 
what the zero means in this situation. 
The zero of the function is 4. The zero 

of the function represents the number of 
hours the family must drive to get to the 
beach, traveling 50 miles per hour. So, the 
family must drive 4 hours at that speed to 
get to the beach. 


MONITORING PROGRESS 


ANSWERS 
5. 4 


6. —4 


een 
| 
{ 


. 


12.5; The tub is empty after 
12.5 seconds. 
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Binding the Zeros of Functions 


er nction fis an x-value for which f(x) = 0 (or y = 0). A zero of a function 
is an HesnMEree SE of the graph of the function. 


PONV ieee Finding the Zero of a Function 


Find the zero of the function f(x) = 2x + 8. 


SOLUTION 
Substitute 0 for f(x) in the function and solve for x. 
f(x) = 2x+8 Write the function. 
0=2x+8 Substitute 0 for f(x). 
x=-4 Solve for x. 


P The zero of the function is —4. 
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Find the zero of the function. 
5. h(x) = 4x -— 16 6. r(x) = —3x - 12 


7. r(x) = ~ix i) 8. g(x) = 2x + : 


Solving Real-Life Problems 


SS7NViatav Modeling with Mathematics 


An artist rents a booth at an art show for $300. The function f(x) = 50x — 300 
represents the artist’s profit, where x is the number of paintings the artist sells. 
Find the zero of the function. Explain what the zero means in this situation. 


SOLUTION 
Substitute 0 for f(x) in the function and solve for x. 
f(x) = 50x — 300 Write the function. 
0 = 50x — 300 Substitute 0 for f(x). 
x=6 Solve for x. 


> The zero of the function is 6. Because the function represents the artist’s profit, 
the zero of the function represents the number of paintings the artist must sell to 
recover the cost of renting the booth. So, the artist must sell 6 paintings to recover 
the cost of renting the booth. 
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9. The function f(t) = ~27 + 25 represents the amount (in gallons) of water 
remaining in a tub after ¢ seconds. Find the zero of the function. Explain what 
the zero means in this situation. 


Graphing Linear Functions 


STUDY TIP 


Although x and y 
represent whole numbers, 
it is convenient to draw a 
line segment that includes 
points whose coordinates 
are not whole numbers. 


Check TL 
6x + 10y = 180 


? 
6(10) + 10(12) = 180 


180 = 180 of 


6x + 10y = 180 
~ 6(20) + 10(6) = 180 | 


Closure 


re Niamsem Modeling with Mathematics 


You are planning an awards banquet for your school. You need to rent tables to seat 
180 people. Tables come in two sizes. Small tables seat 6 people, and large tables seat 
10 people. The equation 6x + 10y = 180 models this situation, where x is the number 
of small tables and y is the number of large tables. 


a. Graph the equation. Interpret the intercepts. 


b. Find four possible solutions in the context of the problem. 


SOLUTION ve 


1. Understand the Problem You know the equation that models the situation. You 
are asked to graph the equation, interpret the intercepts, and find four solutions. 


2. Make a Plan Use intercepts to graph the equation. Then use the graph to interpret 
the intercepts and find other solutions. 


3. Solve the Problem 


a. Use intercepts to graph the equation. Neither x nor y can be negative, so only 
graph the equation in the first quadrant. 


YA (0, 18) 


The x-intercept is 30. | 
So, plot (30, 0). 


‘| The y-intercept is 18. | 
So, plot (0, 18). 


> The x-intercept shows that you can rent 30 small tables when you do not 
rent any large tables. The y-intercept shows that you can rent 18 large tables 
when you do not rent any small tables. 


b. Only whole-number values of x and y make sense in the context of the problem. 
Besides the intercepts, it appears that the line passes through the points (10, 12) 
and (20, 6). To verify that these points are solutions, check them in the equation, 
as shown. 


P So, four possible combinations of tables that will seat 180 people are 
0 small and 18 large, 10 small and 12 large, 20 small and 6 large, and 
30 small and 0 large. 


4. Look Back The graph shows that as the number x of small tables increases, the 


number y of large tables decreases. This makes sense in the context of the problem. 
So, the graph is reasonable. 
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10. WHAT IF? You decide to rent tables from a different company. The situation 


can be modeled by the equation 4x + 6y = 180, where x is the number of 
small tables and y is the number of large tables. Graph the equation and 
interpret the intercepts. 
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Graphing Linear Equations in Standard Form 


¢ Writing Prompt: To graph the equation 2x + y = 4... Sample answer: find and plot the 
points for the x- and y-intercepts. Then draw a line through these two points. 


Extra Example 5 

You are going to the fair and have $16 to 
spend on rides and games. Ride tickets 
cost $4 and game tickets cost $2. The 
equation 4x + 2y = 16 models this 
situation, where x is the number 

of ride tickets and y is the number of 
game tickets. 


a. Graph the equation. Interpret the 
intercepts. 


y, 
9 8) 


(4, 0) 
0 4 8 x 
The x-intercept shows that you can buy 
4 ride tickets when you do not buy any 
game tickets. The y-intercept shows 
that you can buy 8 game tickets when 
you do not buy any ride tickets. 


b. Find four possible solutions in the 
context of the problem. Sample 
answer: 0 ride and 8 game tickets, 

2 ride and 4 game tickets, 3 ride and 
2 game tickets, 4 ride and 0 game 
tickets 


MONITORING PROGRESS 
ANSWER 


50 x 


0 10 20 30 40 
The x-intercept shows that you can 
rent 45 small tables and 0 large 
tables. The y-intercept shows that 
you can rent 30 large tables and 
0 small tables. 
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Assignment Guide and 
Homework Check 


ASSIGNMENT 


Basic: 1, 2, 3-23 odd, 29—45 odd, 49, 
51, 58, 63-66 


Average: 1, 2—46 even, 50, 51, 
52-58 even, 63-66 


Advanced: 1, 2, 8, 12-34 even, 


40-50 even, 51, 52-62 even, 63-66 


HOMEWORK CHECK 
Basic: 3, 19, 35, 45, 49 


3.4 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


1. WRITING How are x-intercepts and y-intercepts alike? How are they different? 


2. WHICH ONE DOESN'T BELONG? Which point does not belong with the other three? 


Explain your reasoning. 


(S35 


(0, 0) 


4, —3) 


(4, 0) 
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In Exercises 3-8, graph the linear equation. 
(See Example 1.) 


In Exercises 19-28, use intercepts to graph the linear 
equation. Label the points corresponding to the 
intercepts. (See Example 2.) 


Average: 4, 20, 36, 46, 50 sh ty Sz 
19. 5x + 3y = 30 20. 4x + 6y = 12 
Advanced: 8, 26, 40, 46, 50 5. y= -3 6. x=-l 
: 21. —12x + 3y = 24 22. —2x + 6y = 18 
th 3S Se th y= 5 
23. —4x + 3y = —30 i oe = — 2) 
ANSWERS In Exercises 9-12, find the x- and y-intercepts of the 
1. They are both places where a graph graph of the linear equation. (ey Sear yy = 26. 3x -—y=-5 
crosses an axis; The x-intercept is 9. yy eye it 23) = ee 


where a graph crosses the x-axis. The 


y-Intercept 1s where a graph ONOBES ERROR ANALYSIS In Exercises 29 and 30, describe and 


the y-axis. correct the error in finding the intercepts of the graph 
2. (4, —3); It is the only one that is not of the equation. 
on an axis. 29. 
AiG oe 44 3x+ 12y= 24 3x+ 12y= 24 
3x + 12(0) = 24 3(0) + 12y=24 — 
3x= 24 12y= 24 
x=8 y=2 
The intercept is at (8, 2). ' 
In Exercises 13-18, find the x- and y-intercepts of the ot 
4, aly : 4x + 10y= 20 4x+ 10y = 20 
graph of the linear equation. 
4x+10(0)=20 4(0)+10y=20 
13. 2x+3y=12 14. 3x + 6y = 24 
4x= 20 10y= 20 
1B, =the # ey = =16 We. =694- Op = =i8 ae Pe | 
17. 3x — 6y = 2 18. —x+8y=4 The x-intercept is at (O, 5), and 
the y-intercept is at (2, 0). 
Bb 
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6. 8. 15. x-intercept: 4, y-intercept: —2 
16. x-intercept: 3, y-intercept: —2 
: : 1 
17. x-intercept: , y-intercept: —z 
: es 2 oa 
18. x-intercept: —4, y-intercept: 5 
19-30. See Additional Answers. 
: 9. x-intercept: 4, y-intercept: 4 
10. x-intercept: —5, y-intercept: 5 
11. x-intercept: 4, y-intercept: —2 
12. x-intercept: —6, y-intercept: —4 
13, x-intercept: 6, y-intercept: 4 
14. x-intercept: 8, y-intercept: 4 
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In Exercises 31~34, use the graph to find the zero of the 
function. 


31. 


33. 


fQ@) = 4x -3 32. fod =x+4 


fx) = -2x-2 34. fix) =—-tx-1 


In Exercises 35-44, find the zero of the function. 


(See Example 3.) 

35. fm =xt+2 S18, 70H) a= SS 

37. m(x) = 3x — 18 38. g(x) = 2x +4 

38, A= =Se = 2D} 40. n(x) = —6x + 18 

41. h(x) = 4x +2 42. f(x) = —-3x+ 1 

43. g(x) = -ty ai, 44. p(x) = ax = 3 

45. MODELING WITH MATHEMATICS The function 
f(x) = —200x + 1000 represents the balance (in 
dollars) in a checking account after x months. Find the 
zero of the function. Explain what the zero means in 
this situation. (See Example 4.) 

46. MODELING WITH MATHEMATICS The function 


f(t) = —10t + 3000 represents the height (in feet) of 
a skydiver ¢ seconds after opening the parachute. Find 
the zero of the function. Explain what the zero means 
in this situation. 
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50. a. 


0 10 2 Ome SOX, 


47. 


48. 


49. 


50. 


51. 


Graph 


The x-intercept shows that you can buy 


30 short-sleeved shirts and 


0 long-sleeved shirts. The y-intercept 


shows that you can buy 25 long-sleeved 


shirts and 0 short-sleeved shirts. 
b. 15 


REASONING The function c(x) = 9 + 1.50x 
represents the total cost (in dollars) of a large pizza, 
where x is the number of additional toppings. Find the 
zero of the function. Does the zero make sense in this 
situation? Explain. 


Pizza Place 


LARGE CHEESE PIZZA 
$9.00 


=| ADDITIONAL TOPPINGS 
$1.50 EACH 


OPEN-ENDED Consider the equation 8 = 4x + 16. 
Write a function so that the solution of the equation is 
the zero of the function. Explain your reasoning. 


MODELING WITH MATHEMATICS A football team 
has an away game, and the bus breaks down. The 
coaches decide to drive the players to the game in 
cars and vans. Four players can ride in each car. Six 
players can ride in each van. There are 48 players 
on the team. The equation 4x + 6y = 48 models this 
situation, where x is the number of cars and y is the 
number of vans. (See Example 5.) 


a. Graph the equation. Interpret the intercepts. 


b. Find four possible solutions in the context of 
the problem. 


MODELING WITH MATHEMATICS You are ordering 
shirts for the math club at your school. Short-sleeved 
shirts cost $10 each. Long-sleeved shirts cost 

$12 each. You have a budget of $300 for the shirts. 
The equation 10x + 12y = 300 models the total cost, 
where x is the number of short-sleeved shirts and 

y is the number of long-sleeved shirts. 


a. Graph the equation. Interpret the intercepts. 


b. Twelve students decide they want short-sleeved 
shirts. How many long-sleeved shirts can 
you order? 


MAKING AN ARGUMENT You overhear your friend 
explaining how to find intercepts to a classmate. Your 
friend says, “When you want to find the x-intercept, 
just substitute 0 for x and continue to solve the 
equation.” Is your friend’s explanation correct? 
Explain. 
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51. no; You have to substitute 0 for y to find the 


x-intercept, not for x. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
31. 6 
32. —4 
33. -1 
34. —3 
35. —2 
36. 5 
37. 6 
38. —2 
39, —4 
40. 3 
41. —5 
42. + 
43. 14 
Agi 


45. 5; The balance of the account will be 
$0 after 5 months. 

46. 300; The skydiver will hit the ground 
after 300 seconds. 

47. —6;no; The number of additional 
toppings cannot be a negative 
number. 

48. Sample answer: f(x) = 4x + 8; 
Rewrite the equation as 0 = 4x + 8. 
Then, substitute f(x) for 0. 


i cs ac Pare 
The x-intercept shows they can 
take 12 cars and 0 vans. The 
y-intercept shows they can take 
8 vans and 0 cars. 


b. Sample answer: 12 cars, 0 vans; 
9 cars, 2 vans; 6 cars, 4 vans; 
0 cars, 8 vans 
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ANSWERS 


See Additional Answers. 


a2; 
53. 
54. 
Soe 
56. 
Sie 


square; The graphs are 2 horizontal 
lines and 2 vertical lines, which will 
intersect at right angles. The length of 
each side is 3 units. 


58-66. See Additional Answers. 


Mini-Assessment 


7p 


3. 


4, 


Use intercepts to graph the 
equation 3x — y = 6. 


Find the zero of the function 
f(x) = 5x — 35. 7 


The function f(x) = 448 — 28x 
represents the grams of cereal 

left in a box after x servings are 
eaten. Find the zero of the function. 
Explain what the zero means in this 
situation. 16; The zero represents 
the number of servings in the box of 
cereal. So, there are 16 servings in 
the box of cereal. 
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52. ANALYZING RELATIONSHIPS You lose track of how 58. HOW DO YOU SEE IT? You are organizing a class trip 


many 2-point baskets and 3-point baskets a team to an amusement park. The cost to enter the park is 
makes in a basketball game. The team misses all $30. The cost to enter with a meal plan is $45. 

the 1-point baskets and still scores 54 points. The You have a budget of $2700 for the trip. The equation 
equation 2x + 3y = 54 models the total points scored, 30x + 45y = 2700 models the total cost for the class 
where x is the number of 2-point baskets made and to go on the trip, where x is the number of students 


y is the number of 3-point baskets made. 


a, Bind andamerrer emer ence of students who do choose the meal plan. 


b. Can the number of 3-point Class Trip 
baskets made be odd? 


Explain your reasoning. 


c. Graph the equation. Find 
two more possible solutions 
in the context of the problem. 


MULTIPLE REPRESENTATIONS In Exercises 53-56, match 
the equation with its graph. 


Number of students who 
do choose the meal plan 


who do not choose the meal plan and y is the number 


\ 
ard 


53. 5x + 3y = 30 54. 5x + 3y = —30 
Number of students who) | 
Ben Se yy = a0 J Se sy a do not choose the meal plan | 
A, B. , 
a. Interpret the intercepts of the graph. 
b. Describe the domain and range in the context 
of the problem. 
59. REASONING Use the values to fill in the equation 
3646 y = 30 so that the x-intercept of the 
c D graph is —10 and the y-intercept of the graph is 5. 
-lo' 3) 1 5 6" 
60. THOUGHT PROVOKING Write an equation in stand 
form of a line whose intercepts are integers. Explain 
how you know the intercepts are integers. 
57. MATHEMATICAL CONNECTIONS Graph the equations 61. WRITING Are the equations of horizontal and 
x=5,x=2,y 2, and y = 1. What enclosed vertical lines written in standard form? Explain 
shape do the lines form? Explain your reasoning. your reasoning. 


62. AB5TRACT REASONING ‘The x- and y-intercepts of 
the graph of the equation 3x + 5y = & are integers. 
Describe the values of &. Explain your reasoning. 


Maintaining Mathematical Proficiency Reviewing what you jearned in previous grades and lessons 


Simplify the expression. (Skills Review Handbook) 
5 = (=D) Mie 
4 = (—4) 0-2 


63. 


Re eel aes 
s= (=) 


65. 
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If students need help.. If students got it... 


Resources by Chapter Resources by Chapter 


e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time e Cumulative Review 


oe 


Student Journal 
e Practice 


| Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


5S TS Fa SESS TENE SSE Sy STS TNE EHS PS TPT TSI SEITE 


comrarmnye 


Ssupserese 


Graphing Linear Equations 


Dynamic Teaching Tools 


in Slope-Intercept Form 
Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 


Essential Question How can you describe the graph of the 


Interactive Whiteboard Lesson Library 


TEXAS ESSENTIAL equation y = mx + b? = ——— 
KNOWLEDGE AND SKILLS ___ Dynamic Classroom with Dynamic Investigations 
A2A Slope is the rate of change between any two points Ay Sins 
A3.A on a line. It is the measure of the steepness of the line. 
A3.B 
Aj i find the ee bas as os en of the Texas Essential 
chang ) rt tot g ‘ . 
pee In y (vertical Change) to the change in x Knowledge and Skills 
(horizontal change). 
clone = change in A.2.A The student is expected to 
Pe ‘change in x determine the domain and range of a 
linear function in mathematical problems; 
TSWV EM Finding Slopes and y-Intercepts determine reasonable domain and range 
values for real-world situations, both 
Work with a partner. Find the slope and y-intercept of each line. . . 
continuous and discrete; and represent 
e domain and range using inequalities. 
A.3.A The student is expected to 
determine the slope of a line given a table 
ANALYZING of values, a graph, two points on the line, 
MATHEMATICAL and an equation written in various forms, 


RELATIONSHIPS 


To be proficient in math, 
you first need to collect 


including y = mx + b, Ax + By = C, and 
VV m= 4). 


and organize data. Then - ——S A.3.B The student is expected to 

make conjectures about eee = Writing a Conjecture calculate the rate of change of a linear 

the patterns you observe : : 

fim alive GRA. Work with a partner. Graph each equation. Then copy and complete the table. Use function represented tabularly, graphically, 


the completed table to write a conjecture about the relationship between the graph of or algebraically in context of mathematical 
y = mx + band the values of m and b. 
and real-world problems. 


Equation —_| Description of graph | Slope of graph y-intercept A.3.C The student is expected to graph 
gery 4 ara ee | -= | 3 | | linear functions on the coordinate plane 
ee rr ee : mi an and identify key features, including 
ees sre 4 5c ee ee x-intercept, y-intercept, zeros, and slope, 
es p ee f | ae | in mathematical and real-world problems. 
d. y=x-4 i ie i 
Communicate Your Answer hailey 
3. How can you describe the graph of the equation y = mx + b? : = a = 
a. How does the value of m affect the graph of the equation? 
b. How does the value of b affect the graph of the equation? 2-3. See Additional Answers. 


c, Check your answers to parts (a) and (b) by choosing one equation from 


Exploration 2 and (1) varying only m and (2) varying only b. For a section overview and insights 


into this Exploration page, see 
Section 3.5 Graphing Linear Equations in Slope-Intercept Form 123 Laurie’s Notes at BigideasMath.com. 


SUPPORTING English Language Learners 


| Present the Essential Question and the introduction. Point out that the Intermediate/Advanced High Intermediate students recreate 
graph illustrates the concept of slope. Have students work in pairs of the graphs and table and complete the explorations with Advanced 
mixed language abilities to complete the explorations and Communicate —_ High students. Advanced High students explain the rationale for their 
Your Answer. Remind them that the graphs and tables should help them answers. 
work through concepts. Explain that the activities on this page help 


ELPS 4.D Use prereading supports such as graphic organizers, 
them prepare for what they will learn in Lesson 3.5. 


illustrations, and pretaught topic-related vocabulary and other 
Beginning/Advanced Beginning students recreate the graphs prereading activities to enhance comprehension of written text. 
and table for use in the explorations. They then work with Advanced 

students to complete the explorations. Advanced students state 

the answers. 
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Extra Example 1 


Describe the slope of each line. Then find 


the slope. 


The line rises from left to right. 
So, the slope is positive; m = 2. 


The line falls from left to right. 


So, the slope is negative; m = 3. 


MONITORING PROGRESS 
ANSWERS , 
1. negative; —= 
2s positive; = 
7 


3. positive; 5 
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What You Will Learn 


p& Find the slope of a line. 


bh Use the slope-intercept form of a linear equation. 
Gore Vocabulary. Pm Use slopes and y-intercepts to solve real-life problems. 
slope, p. 124 
SSH ae The Slope of a Line 
run, p. 124 


slope-intercept form, p. 126 © Core Concept 


constant function, p. 126 
Slope 
The slope of a nonvertical line passing through 


two points (x,, y,) and (x5, y>) is the ratio of 
the rise (change in y) to the run (change in x). (x44) 


Previous 
dependent variable 
independent variable 


HRS Gane — Ya 27 
run changeinx 2% — x, 


slope =m = 


When the line rises from left to right, the slope is positive. When the line falls 
from left to right, the slope is negative. 


> NViigeemee Finding the Slope of a Line 


Describe the slope of each line. Then find the slope. 


STUDY TIP 


When finding slope, you 
can label either point as ‘ 
(X;, ¥;) and the other point SOLUTION 


(=2; =a) 


aS (X>, Y2). The result is a. The line rises from left to right. b. The line falls from left to right. 
the same. So, the slope is positive. So, the slope is negative. 
(CS, Hy) = =, = 2) aie Let (x, y;) = (0, 2) and 
(%, Y2) = (3, 2). eSya) Sy = Dh 


_ a Jicdi. 25 (ee eee 
mom See) 6s Hou 2-0 2 D 


READING 


In the slope formula, x, is M é 2 ) 

read as “x sub one” and y, onitoring Progress Help in English and Spanish at BigideasMath.com 
is read as "y sub two.” The 
numbers 1 and 2 in x, and 
y2 are called subscripts. it 


Describe the slope of the line. Then find the slope. 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


Different jated Instruction 


Visual/Kinesthetic 
Have students graph the equations y = 2x, y = x, y = —x, and y = —2x on the same coordinate 
| plane, using a different color for each graph. Have students describe what happens to the line as the 
slope decreases. 


STUDY TIP 


As a check, you can plot 
the points represented by 
the table to verify that the 
line through them has a 
slope of —2. 


PONV ava Finding Slope from a Table 


The points represented by each table lie on a line. How can you find the slope of each 
line from the table? What is the slope of each line? 


a. (ey 
Se 
=a =< 
=3 | 0 
3 Sa 
=o 


SOLUTION 
a. Choose any two points from the table and use the slope formula. Use the points 
(x). ¥)) = (4, 20) and (%, yo) = (7, 14). 
ee yao Mh Way _ =o Eee} 
ty = Te Bye 


> The slope is —2. 


b. Note that there is no change in y. Choose any two points from the table and use the 
slope formula. Use the points (x), v;) = (1, 2) and (%, v9) = (5, 2). 


Pee eam B= _Y 
m-x S-CD) 6 


> The slope is 0. 


or 0 The change in y is 0. 


c. Note that there is no change in x. Choose any two points from the table and use the 
slope formula. Use the points (x;, y,) = (—3, 0) and (x, y) = (—3, 6). 
ame Os 


= = O  _& mee: 
m en eo x The change in x is 0. 


> Because division by zero is undefined, the slope of the line is undefined. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
The points represented by the table lie on a line. How can you find the slope of the 


line from the table? What is the slope of the line? 


2 ais fal 5 


> ia | 5 | 
eros Maa 


Concept Summary 
Slope 
Positive slope Negative slope Slope of 0 Undefined slope 
W Y MY y 
ie) a i x 0 x ie) x 
The line rises The line falls The line is The line 
from left to right. from left to right. horizontal. is vertical. 
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Extra Example 2 

The points represented by each table lie 
ona line. How can you find the slope of 
each line from the table? What is the slope 
of each line? 


Choose any two points from the table 
and use the slope formula. The slope 
is 2, 


Note that there is no change in y. Choose 
any two points from the table and use 
the slope formula. The slope is 0. 


Note that there is no change in x. 
Choose any two points from the table 
and use the slope formula. Because 
division by 0 is undefined, the slope 
is undefined. 


MONITORING PROGRESS 
ANSWERS 


4. Choose any 2 points from the table 
and use the slope formula; 3 


5. Choose any 2 points from the table 
and use the slope formula; undefined 
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Extra Example 3 

Find the slope and the y-intercept of the 

graph of each linear equation. 

a. y= 2x —- 3 
The slope is 2, and the y-intercept 
[Ss 

b. y= —-45 
The slope is 0, and the y-intercept 
is —4.5, 

c. 6x —y =8 
The slope is 6, and the y-intercept 
iSt=c. 


MONITORING PROGRESS 
ANSWERS 

6. slope: —6, y-intercept: 1 

7. slope: 0; y-intercept: 8 

8. slope: ok y-intercept: —3 
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Using the Slope-Intercept Form of a Linear Equation 


G Core Concept 


STUDY TIP 


For a constant function, 
every input has the same 
output. For instance, in 
Example 3b, every input 
has an output of 6.5. 


Jaca 


STUDY TIP 


When you rewrite a 
linear equation in 
slope-intercept form, 
you are expressing y as 
a function of x. 
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Slope-Intercept Form 
Words A linear equation written in the form 


y = mx + bis in slope-intercept form. 
The slope of the line is m, and the 
y-intercept of the line is b. 


Algebra 


y=mx+b 


ae) (ase) 


A linear equation written in the form y = Ox + b, ory = b, is a constant function. 
The graph of a constant function is a horizontal line. = 


EXAMPLE 3 Identifying Slopes and y-Intercepts 


Find the slope and the y-intercept of the graph of each linear equation. 


ay > sx 4 b. y= 6.5 Ce Ot ey) ieee 
SOLUTION 
a. y=mxtb Write the slope-intercept form. 
(rn) 
ciate 


3 = Shear (2) Rewrite the original equation in slope-intercept form. 
> The slope is 3, and the y-intercept is —4. 


b. The equation represents a constant function. The equation can also be written 
asy = Ox + 6.5. 


p> The slope is 0, and the y-intercept is 6.5. 


c. Rewrite the equation in slope-intercept form by solving for y. 


== y= =2 Write the original equation. 
tp Si ap Si Add 5x to each side. 
-y=Sx-2 Simplify. 
= =e 5 Z Divide each side by —1. 
y= —-Sx+2 Simplify. 


p> The slope is —S, and the y-intercept is 2. 
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Find the slope and the y-intercept of the graph of the linear equation. 
Cy y= tere ar Il 7y=8 8. x+4y= —-10 


Graphing Linear Functions 


STUDY TIP 


You can use the slope 

to find points on a line 
in either direction. In 
Example 4, note that the 
slope can be written as 


4. So, you could move 


1 unit left and 2 units up 
from (0, 2) to find the 
point (-1, 4). 


REMEMBER 


You can also find the 
x-intercept by substituting 
0 for y in the equation 

2x + y = 2 and solving 

for x. 


EXAMPLE 4 Using Slope-Intercept Form to Graph 


Graph 2x + y = 2. Identify the x-intercept. 
SOLUTION 


Step 1 Rewrite the equation in slope-intercept form. 
i) Paap 

Step 2 Find the slope and the y-intercept. 
m= —2andb=2 * 

Step 3 The y-intercept is 2. So, plot (0, 2). 


Step 4 Use the slope to find another point 
on the line. 


Plot the point that is | unit right and 
2 units down from (0, 2). Draw a line 
through the two points. 


> The line crosses the x-axis at (1, 0). So, the x-intercept is 1. 


>eNVi eae Graphing from a Verbal Description 


A linear function g models a relationship in which the dependent variable increases 
3 units for every | unit the independent variable increases. Graph g when g(0) = 3. 
Identify the slope, y-intercept, and x-intercept of the graph. 


SOLUTION 


Because the function g is linear, it has a constant rate of change. Let x represent the 
independent variable and y represent the dependent variable. 


Step 1 Find the slope. When the dependent variable increases by 3, the change in y is 
+3. When the independent variable increases by 1, the change in x is +1. 


So, the slope is 3, or 3. 
Step 2 Find the y-intercept. The statement g(0) = 3 indicates that when x = 0, 
y = 3. So, the y-intercept is 3. Plot (0, 3). 
Step 3 Use the slope to find another point on the line. A slope of 3 can be written 
as 3 Plot the point that is | unit Jefi and 3 units down from (0, 3). Draw a 
line through the two points. The line crosses the x-axis at (—1, 0). So, the 


x-intercept is — 1. 


p> The slope is 3, the y-intercept is 3, and the x-intercept is — 1, 
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Graph the linear equation. Identify the x-intercept. 


9. y=4x—-—4 1h, ake ap 57 =) 11. x + 2y=6 


12. A linear function / models a relationship in which the dependent variable 
decreases 2 units for every 5 units the independent variable increases. Graph h 
when h(0) = 4. Identify the slope, y-intercept, and x-intercept of the graph. 
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slope: —2; y-intercept: 4; x-intercept: 10 


Extra Example 4 
Graph y + x = —2. Identify the x-intercept. 


The line crosses the x-axis at (—2, 0). So, 
the x-intercept is —2. 


Extra Example 5 

A linear function g models a relationship 
in which the dependent variable increases 
2 units for every 3 units the independent 
variable increases. Graph g when g(0) = 2. 
Identify the slope, y-intercept, and 
x-intercept of the graph. 


The slope is S the y-intercept is 2, and the 
x-intercept is —3. 


MONITORING PROGRESS 
ANSWERS 
Te | 


x-intercept: | 


x-intercept: — | 
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Solving Real-Life Problems 


In most real-life problems, slope is interpreted as a rate, such as miles per hour, dollars 


Extra Example 6 


The elevation A (in feet) of a submersible per hour, or people per year. 
is modeled by the function 
A(t) = 550t — 11,000, where t is the time SENN ime Modeling with Mathematics 


(in minutes) since the submersible began 
to ascend. 


A submersible that is exploring the ocean floor begins to ascend to the surface. 
The elevation # (in feet) of the submersible is modeled by the function 

A(t) = 650t — 13,000, where ¢ is the time (in minutes) since the submersible 
began to ascend. 


a. Graph the function and identify its 
domain and range. a. Graph the function and identify its domain and range. 


b. Interpret the slope and the intercepts of the graph. 


SOLUTION 


1. Understand the Problem You know the function that models the elevation. You 
are asked to graph the function and identify its domain and range. Then you are 
asked to interpret the slope and intercepts of the graph. © 


(= |e al 
Elevation of a Submersible 
ipa ie eee 
Time (minutes) 


0 8 16 24 ¢ 


2. Make a Plan Use the slope-intercept form of a linear equation to graph the 
function. Only graph values that make sense in the context of the problem. 
Examine the graph to interpret the slope and the intercepts. 


Elevation (feet) 


; 3. Solve the Problem 
domain: 0 <t < 20; 


the h-axis and the graph 
will have an “h-intercept.” 


: a. The time t must be greater than Elevationtofalcubinere/5 cay 
range. —11,000 < Ah<0 or equal to 0. The elevation /: is Time (nineteen —r 
. below sea level and must be less esa MATLAB ~ & 
b. Interpret the slope and the intercepts pose —— hat one tain Wee aie Nope oo 4 8 12 16 gem 
of the graph. 1 DY T of 650 and the h-intercept of ry 
| STUDY TIP P 2 
slope: The submersible ascends at a | Because t is the independent ae to ae the function £ 
rate of 550 ft/min. h-intercept: The | vane the oe ns Tae § 
; : is the t-axis an e grap o 
elevation of the submersible when | wilnavea “cinterene: & 
the ascent begins is —11,000 ft. | Similarly, the vertical axis is 


t-intercept: The submersible takes 


AO minuitecto reach ceanevel > The domain is 0 < ¢ < 20, and the range is —13,000 s hk < 0. 


b. The slope is 650. So, the submersible ascends at a rate of 650 feet per minute. 
The h-intercept is — 13,000. So, the elevation of the submersible after 0 minutes, 


MON ITORI NG PROGRESS or when the ascent begins, is — 13,000 feet. The intercept is 20. So, the 
AN SWERS submersible takes 20 minutes to reach an elevation of 0 feet, or sea level. 
13. a 4. Look Back You can check that your graph is correct by substituting the intercept 
Nae Tie Gries for ¢ in the function. If h = 0 when ft = 20, the graph is correct. 
0 t 
0 hk = 650(20) — 13,000 Substitute 20 for tin the original equation. 
g —~4000 h=0 oY A Simplify. 
aor 
5 —8000 |- 
= Monitoring Progress @) Help in English and Spanish at BigideasMath.com 
> H 
= — 12,000 j- ~ 13. WHAT IF? The elevation of the submersible is modeled by A(f) = 500t ~ 10,000. 


(a) Graph the function and identify its domain and range. (b) Interpret the slope 
and the intercepts of the graph. 


domain: 0 <t< 20; | cna 
range: — 10,000 <h <0 

b. The slope is 500. So, the 
submersible ascends at a rate 
of 500 feet per minute; The 
h-intercept is — 10,000. So, the 
elevation of the submersible when 
the ascent begins is — 10,000 
feet; The t-intercept is 20. So, the 
submersible takes 20 minutes to 
reach sea level. 


‘ : 
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Closure | 


¢ Point of Most Significance: Ask students to identify, aloud or on a paper to be collected, the 
most significant point (or part) in the lesson that aided their learning. 
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3 s 5 Exe rci ses Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 
Homework Check 


Vocabulary and Core Concept Check 


1. COMPLETE THE SENTENCE The of a nonvertical line passing through two points is the 
ratio of the rise to the run. 


ASSIGNMENT 

Basic: 1-4, 5-33 odd, 37, 41, 46, 50, 
54-61 

Average: 1-3, 4—42 even, 46, 50, 
54-61 

Advanced: 1-3, 4-14 even, 

20-24 even, 30-54 even, 55-61 


2. VOCABULARY What is a constant function? What is the slope of a constant function? 
: 


3. WRITING What is the slope-intercept form of a linear equation? Explain why this form is called 
the slope-intercept form. 


4, WHICH ONE DOESN'T BELONG? Which equation does not belong with the other three? Explain 
your reasoning. 


HOMEWORK CHECK 
Basic: 5, 15, 25, 33, 37 
Average: 6, 16, 26, 34, 38 
Advanced: 8, 20, 32, 34, 38 


"y= -5y-1 Ix —y=8 y=xt4 y= —3x + 13 


In Exercises 5-8, describe the slope of the line. Then 12. Mm 4| 31 9 a | 
find the slope. (See Example 1.) | | alla 
: Ly | 2 | -5 | -12| -19 
ANSWERS 
13. ANALYZING A GRAPH The graph shows the distance 1. slope 


y (in miles) that a bus travels in x hours. Find and 


interpret the slope of the line. 2. a linear function of the form y = b; 0 


3. y = mx + b; The equation gives the 


Bus Trip 
— slope m and the y-intercept b. 


4, 2x — y = 8; It is in standard form, 
not slope-intercept form. 


Distance (miles) 


3 
5. negative; ~~ 
6. positive; Be 
Time (hours) 7. zero; 0 F 
= 8. negative, —; 
in te, car ce ear ae yeas the ee li€ 44. ANALYZING A TABLE The table shows the amount ee 
a as rnaihestope oltre line imee EXUnpie 2) x (in hours) of time you spend at a theme park and 10 0 
Gy, ie) | eS | 3 | the admission fee y (in dollars) to the park. The : 
| ig : gol points represented by the table lie on a line. Find 11. undefined 
va) —2 0 a 4 and interpret the slope of the line. ie = 7 
OO 5 ea Rune | 13. m = 60; The bus is traveling at a 
_— . 
Le a { ; (hours), x | (dollars), y speed of 60 miles per hour. 
= —— 6 54.99 | 14. m = 0; The admission fee does not 
1h | ol oo | Oo 7 54.99 change based on the time spent in 
iF = 8 54.99 the park. 
) REE: oA = 
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Dynamic Teaching Tools 


In Exercises 15-22, find the slope and the y-intercept of 


the graph of the linear equation. (See Example 3.) 


GRAPHING FROM A VERBAL DESCRIPTION A linear 
function r models the growth of your right index 
fingernail. The length of the fingernail increases 


. — (Ey = 28a 2 16. y=4x-7 oan = 
Dynamic Assessment & Progress Monitoring Tool 0.7 millimeter every week. Graph when 7(0) = 12. 
Co nn hie 15. oe Identify the slope and interpret the y-intercept of 
Interactive Whiteboard Le brary _ : ape = the graph. 
Dynamic Classroom with Dynamic Investigations | 19. —2xt+y=4 AD, way = =—G 36. GRAPHING FROM A VERBAL DESCRIPTION A linear 
es ee Wh, euler e ile, function m models the amount of milk sold by a farm 


per month. The amount decreases 500 gallons for 
every $1 increase in price. Graph m when 

m(0) = 3000. Identify the slope and interpret the 
x- and y-intercepts of the graph. 


ANSWERS 

15. slope: —3; y-intercept: 9 ERROR ANALYSIS In Exercises 23 and 24, describe and 
correct the error in finding the slope and the y-intercept 

16. slope: 4, y-intercept: =7 of the graph of the equation. 


37. MODELING WITH MATHEMATICS The function shown 


17. slope: 6; y-intercept: 0 

P y ; Z 23. models the depth d (in inches) of snow on the ground 
18. slope: 0; y-intercept: —1 x=-4y during the first 9 hours of a snowstorm, where f is the 
19 slope: 2: y-intercept: 4 time (in hours) after the snowstorm begins. 


The slope is —4, and 


(See Example 6) * 
the y-intercept is O. 


20. slope: —1; y-intercept: —6 


21. slope: 5; y-intercept: 8 of ae 
22. slope: 7; y-intercept: 5 : —_ 


23. To be in slope-intercept form the 


equation needs to be solved for y, not The ole aa 


i 3 l | the y-intercept is 6. ‘ all H 
x; y = —qx; The slope is —; and the hil id a) =zt +6 
y-intercept is 0. ctinaanerienameatienaieee 
: ; In Exercises 25-32, graph the linear equation. Identify 
24. To be in slope-intercept form, the the x-intercept. (See Example 4.) a. Graph the function and identify its domain 
equation needs to be rewritten as and range. 
a : 25. y=-x+7 26. y=5xt3 

y = 3x + (~6); The slope is 3 and b. Interpret the slope and the d-intercept of the graph. 

the y-intercept is —6. 27. y=2x 28. y=-x 

Pee A Mid Lae cor i 38. MODELING WITH MATHEMATICS The function 
29. 3x+y=-1 30. x+4y=8 c(x) = 0.5x + 70 represents the cost ¢ (in dollars) ofi 

renting a truck from a moving company, where x is 

31. -y+5x=0 32. 2x-y+6=0 the number of miles you drive the truck. 


a. Graph the function and identify its domain 


In Exercises 33 and 34, graph the function with the and range. 


given description. Identify the slope, y-intercept, and 


x-intercept of the graph. (See Example 5.) b. Interpret the slope and the c-intercept of the graph. 


33. A linear function f models a relationship in which the 39. COMPARING FUNCTIONS A linear function models 
dependent variable decreases 4 units for every 2 units the cost of renting a truck from a moving company. 
the independent variable increases. The value of the The table shows the cost y (in dollars) when you drive 
function at 0 is —2. the truck x miles. Graph the function and compare the 

slope and the y-intercept of the graph with the slope 


34. A linear function h models a relationship in which the and the c-intercept of the graph in Exercise 38. 


dependent variable increases 1 unit for every 5 units 


the independent variable decreases. The value of the f |” Cost 
function at 0 is 3. Miles, x (dollars), | 
io. 
50 80 | 
100 120 | 
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74S), 


i 


ii 


x-intercept: 0 


{ 


7 
{ 
ae 


i 


See 


oe 


hee 
my 
a 

\ 

Be 


x-intercept: 0 


: 1 
x-intercept: —3 


30-39. See Additional Answers. 


130 Chapter 3 


ERROR ANALYSIS In Exercises 40 and 41, describe and 44. MATHEMATICAL CONNECTIONS The graph shows 

correct the error in graphing the function. the relationship between the base length x and the ANSWERS 
side length (of the two equal sides) y of an isosceles 40. The slope is 3, but the graph shows a 
triangle in meters. The perimeter of a second i 
isosceles triangle is 8 meters more than the perimeter slope of 3 


of the first triangle. 


a. Graph the relationship between the base length 
and the side length of the second triangle. 


b. How does the graph in part (a) compare to the 41 
graph shown? , 


The slope was interpreted as the 
y-intercept, and the y-intercept was 
interpreted as the slope. 


45. ANALYZING EQUATIONS Determine which of the 
equations could be represented by each graph. 


peti idl 
42. MATHEMATICAL CONNECTIONS Graph the four ie ae aa eo 
equations in the same coordinate plane. 
=-7. =22x- 4 
Ss se — B) 7 - : 
Dy = NV = he ae nl ele 
ek TA a ie 
4x-—3-y=0 
x- 12 =—-3y y= —-4x-9 y=6 
a. What enclosed shape do you think the lines form? 
Explain. a y b. y 
b. Write a conjecture about the equations of 
parallel lines. 
x x 
43. MATHEMATICAL CONNECTIONS The graph shows 
the relationship between the width y and the length 
x of a rectangle in inches. The perimeter of a second 
rectangle is 10 inches less than the perimeter of the 
first rectangle. c. i d. y 
Y 
24 
16 x x 


a. trapezoid; The 2 lines with a 
slope of -* are parallel, and the 
other 2 lines are not parallel. 


) 8 16 24x 
46. MAKING AN ARGUMENT Your friend says that you 


can write the equation of any line in slope-intercept 
form. Is your friend correct? Explain your reasoning. b. Parallel lines have the same slope. 


a. Graph the relationship between the width and 
length of the second rectangle. 


b. How does the graph in part (a) compare to 
the graph shown? 
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44, a. 45. a. y=ix +5 SE Saha 
7 b. The slope of each graph is the 


b. y=ix—-py=2e-4 
(Co 3p Shes ts 


4 
d. y= Sa y= Se aS 


same. The open circles in the 
graph in part (a) are closer to 
the origin. 
46. no; The equation of a vertical line cannot 

be written in slope-intercept form because 

its slope is undefined and it either has no 

y-intercept or infinite y-intercepts. 


b. The slope of each graph is the same. The 
open circles in the graph in part (a) are 
farther from the origin. 
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ANSWERS 
47-61. See Additional Answers. 


47. 


WRITING Write the definition of the slope of a line in 
two different ways. 


50. HOW DO YOU SEE IT? You commute to school by 
walking and by riding a bus. The graph represents 
your commute. 


48. THOUGHT PROVOKING Your family goes on vacation 
to a beach 300 miles from your house. You reach your 
destination 6 hours after departing. Draw a graph that 
describes your trip. Explain what each part of your 
graph represents, 


Commute to School 


Nw Qa 


Distance (miles) 


Mini-Assessment 


i=] 


49. ANALYZING A GRAPH The graphs of the functions 
o(x) = 6x + aand h(x) = 2x + b, where a and b 
are constants, are shown. They intersect at the 
point (p, q). 


0 


4 8 12 Ge 
. “ Ti inut 
1. Describe the slope of the line. Then Ree 


find the slope. 


a. Describe your commute in words. 

Ay b. Calculate and interpret the slopes of the different 
parts of the graph. 

(p, @) 


PROBLEM SOLVING In Exercises 51 and 52, find the 
value of k so that the graph of the equation has the 
given slope or y-intercept. 


il 


Y S1. y=4kx —S;m= 5 


a. Label the graphs of g and h. $2. y= ix a fk; A= =10 

b. What do a and b represent? 

S3. ABSTRACT REASONING To show that the slope of 
a line is constant, let (x,, y,) and (x5, y>) be any two 
points on the line y = mx + b. Use the equation of 
the line to express y, in terms of x, and y, in terms of 
xX. Then use the slope formula to show that the slope 
between the points is 7. 


c. Starting at the point (p, g), trace the graph of g 
until you get to the point with the x-coordinate 
p + 2. Mark this point C. Do the same with 
the graph of h. Mark this point D. How much 
greater is the y-coordinate of point C than the 
y-coordinate of point D? 


The line rises from left to right. 
The slope is positive; m = 1. 

2. Find the slope and the y-intercept 
of the graph of the linear equation 
y — 5x = —6. slope: 5; 


y-intercept: —6 Mai ntaining Mathematical Profici@ncy reviewing wnat you tearned in previous grades and lessons 


3. An airplane begins to descend (Section 2.4) 
for a landing. The elevation g (in 
feet) of the airplane is modeled by 
the function g(t) = 4800 — 300t, 
where t is the time (in minutes) 
since the airplane began to 


descend. 


Solve the inequality. 


Syl, ig 7S Wer = 11) 55, =sBac 4) = son = 5 


S6. 4(3h + 1.5) 2 6(2h — 2) S72 4G) a2) 


Determine whether the graph or table represents a dinear or nonlinear function. 
Explain. (Section 3.2) 


a. Graph the function and identify 
its domain and range. 


Elevation of Airplane 
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Graphing Linear Functions 


Elevation (feet) 


Time (minutes) 


if students need help... 


If students got it... 
The domain is 0<t<16 and the linings —_ i 
range is 0 <g < 4800. 


b. Interpret the slope and the 
intercepts of the graph. 
slope = —300: The airplane 
descends at a rate of 300 ft/min. 
g-intercept = 4800: The 
elevation of the airplane when 
the descent begins is 4800 ft. 
t-intercept = 16: The airplane 
takes 16 min to land. 


Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 

Se eee eens me 8S ey 

Start the next Section 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


Student Journal 
e Practice 


Differentiating the Lesson 
Skills Review Handbook 
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Chapter 3 


Modeling Direct Variation 


Essential Question How can you describe the relationship between 


TEXAS ESSENTIAL two quantities that vary directly? 
KNOWLEDGE AND SKILLS 


Dynamic Assessment & Progress Monitoring Tool 


Dynamic Teaching Tools 


Lesson Planning Tool 


interactive Whiteboard Lesson Library 


A.2.D Two quantities x and y show direct variation when y = ax and a # 0. . 
= —_s Dynamic Classroom with Dynamic Investigations 
te le = Identifying Direct Variation 
Work with a partner. Determine whether x and y show direct variation. Explain Texas Essential 
your reasoning. 2 
Knowledge and Skills 
be Mone b. Helicopter ; : 
a 2 A.2.D The student is expected to write 
fa ah and solve equations involving direct 
ic} 2 variation. 
= E 
D pa 
c ts 
E 3 ANSWERS 
oe —— 1. a. yes; The line passes through the 
| os bog 
Hours worked Time (seconds) Origa. 
' b. no; The line does not pass 
c. | Tickets d. Pizzas through the origin. 
vitae "| c. no; The line does not pass 
a ; ; a, | through the origin. 
Ly 4 
= 3 d. yes; The line passes through the 
us} om 20 aot 
= = origin. 
3 & 10 : 
Y ) e. no; The rate of change is not 
0 D 4 6 x % 2 4 6 x constant. 
Number of tickets Number of pizzas f. yes; The rate of change is 
constant, and the relation can be 
e. | Laps, x i i 3 | 4 | . (iGipeert i ] ; aa = ; represented by the equation 
; | |sugar,x| 2 | | y = 2x. 
eed y rn ne. se #80 = a ; ne wie 2. part (a); 10, 10: part (d): 6, 6: 
REASONING : - | ae sl . © 10, 10; G): 6, OF 


To be proficient in math, 
you need to reason 
abstractly. You also 
need to make sense 

of quantities and their 
relationships in 


problem situations. > 


a 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


flour, y | 


part (f): 2, 2; They are the same; 
the value of a in the direct variation 
equation 


Ste V Mie Pe Analyzing Relationships 


Work with a partner. For the relationships that show direct variation in 


Explemnontiiaa metatiowine 3. Sample answer: The graph of the 


data is a line that passes through the 
* Find the slope of the line. one 
origin. 


* Find the value of y for the ordered pair (1, y). 


4. Sample answer: gallons of gas 
and price; y = 3.5x, where x is the 
number of gallons of gasoline and 
y is the total cost (in dollars) 

Gasoline 


What do you notice? What does the value of y represent? 


Communicate Your Answer 


3. How can you describe the relationship between two quantities that vary directly? 
4. Give a real-life example of two quantities that show direct variation. Write an 
equation that represents the relationship and sketch its graph. 
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Price (in dollars) 


@] 23 45 8 7 # 
Number of Gallons 
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Extra Example 1 

Determine whether x and y show direct 

variation. If so, identify the constant of 

variation. 

a. 3X = y= 0 
The equation can be rewritten in the 
form y = ax. So, x and y show direct 
variation. The constant of variation 
is 3: 

b. x + 2y=6 
The equation cannot be rewritten in 
the form y = ax. So, x and y do not 
show direct variation. 


MONITORING PROGRESS 
ANSWERS 


Lao 
Ay WES 
ah yes; 
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What You Will Learn 


& Determine whether two quantities show direct variation. 


> Write direct variation equations. 
Gore Vocabulary. Use direct variation equations to solve real-life problems. 
direct variation, p. 134 
constant of variation, p. 134 Direct Variation 
Previous Two quantities x and y show direct variation when y = ax and a # 0. The number a 


ongin is called the consta on, and y is said to vary directly with x. The equation 


y = 2x is an example of direct variation, and the constant of variation is 2. 


Notice that a direct variation equation y = ax is a linear equation in slope-intercept 
form, y = mx + b, with m = a and b = 0. The graph of a direct variation equation is a 
line with a slope of a that passes through the origin. 


EXAMPLE 1 Identifying Direct Variation 


Determine whether x and y show direct variation. If so, identify the constant 


of variation. 
a. 2x — 3y =0 bo -x+y=4 
SOLUTION 
a. Solve the equation for y. ; 
2x — 3y =0 Write the equation. 
= Jy SS = Die Subtract 2x from each side. 
y= ox Divide each side by -3 and simplify. 


> The equation can be rewritten in the form y = ax. So, x and y show direct 


variation. The constant of variation is 2 


b. Solve the equation for y. 
Sar jy = 4 Write the equation. 
y=xt+4 Add x to each side. 


> The equation cannot be rewritten in the form y = ax. So, x and y do not show 
direct variation. 
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Determine whether x and y show direct variation. If so, identify the constant 
of variation. 


js Sade = il 2. 2x+y=0 3. —4x = —Sy 


134 Chapter 3 Graphing Linear Functions 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


SUPPORTING English Language Learners 


Have students use the following Core Vocabulary as they read the topic Direct Variation: direct 
variation, constant of variation. 


Beginning Repeat the Core Vocabulary to improve pronunciation. 
Intermediate Read aloud one sentence with Core Vocabulary. 

Advanced Read aloud the text preceding Example 1. 

Advanced High Explain a sentence with Core Vocabulary using their own words. 


ELPS 3.D.1 Speak using grade-level content area vocabulary in context to internalize new 
English words. 


PONV ideas Identifying Direct Variation Extra Example 2 


Determine whether x and y show direct variation. Explain. Determine whether x and y show direct 
a. [x | i wleoueiene ae b. (§ Ee Ae _ variation. Explain. 
ic | 
| RR: yi -1,| 0} 1 | 2 a. 
SOLUTION 
Plot the ordered pairs. Then draw a line through the points. 
x and y show direct variation. The line 
a. b. ee 
passes through the origin. 
b. 
x and y do not show direct variation. 
The line does not pass through the 
p> The line does nor pass through > The line passes through the at 
the origin. So, x and y do not origin. So, x and y show direct f origin. 
show direct variation. variation. 


Extra Example 3 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com The table shows the amount A (in dollars) 


Serina ear ing / hours. 
Determine whether x and y show direct variation. Explain. c earned for work g uls 


mT rr 
‘We 2 1 3 i a | - cee 


a 2 
EZ “6 [8 |n10| y|-2/ 1 | 4 


cst] j| Lesh 
ieee! 


= 1 


Writing Direct Variation Equations 


, 
The direct variation equation y = ax can be rewritten as - = a for x # 0. So, ina 


s 
direct variation, the ratio of y to x is constant for all nonzero data pairs (x, y). 


a. Explain why A varies directly with A. 


SONVIJEAeM Writing a Direct Variation Equation All the ratios 7 ae equal to 8.5. 
APPLYING The table shows the costs C (in dollars) of downloading [\Numberof! Cost. b. Write a direct variation equation that 
5 songs from a music website. songs, s | (dollars), C relatesh andA. A = 8.5h 
MATHEMATICS 7 a < gl I 
a. Explain why C varies directly with s. 3 | 2.97 
For real-world data, the ; , ae $ 
ratios may not be exactly b. Write a direct variation equation that relates s and C. 5 | 4.95 MONITORING PROGRESS 
| 


| 
693 | ANSWERS 


equal. You may still be SOLUTION 7 
able to use direct variation Cc ere. : 
when the ratios are a. Find the ratio = for each data pair (s, C). 4. yes; The ordered pairs lie on a line 
approximatel le igi 
pp y equa DO yey oS 0.99, SO es that passes through the origin. 
3 5 7 5. no; The ordered pairs lie on a line 
p> All of the ratios are equal to 0.99. So, C varies directly with s. that does not pass through the origin. 


b. Because = 0.99, the constant of variation is 0.99. So, a direct variation equation 
s 


is C = 0.99s, 
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English Language Learners 


Pair Activity 

Pair each English learner with an English speaker. Give each pair two equations to determine 
whether x and y show a direct variation. Each student works with a different equation, solving 
for y. Then, they take turns explaining why there is a direct variation or not, while the other student 


| follows along. 
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Extra Example 4 

The number C of calories in a container 
of orange juice varies directly with the 
number z of ounces of orange juice in the 
container. A 12-ounce container of orange 
juice has 168 calories. Write a direct 
variation for this situation. How many 
calories are in a 32-ounce container of the 
same orange juice? C = 142z; 448 calories 


MONITORING PROGRESS 
ANSWERS 


6. no; The equation that represents this 
situation is not of the form y = ax. 


7. 750 tb 
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USING PRECISE 
MATHEMATICAL 
LANGUAGE 


The coefficient of 
variation in Example 4 
is arate of change: 

5 tablespoons of sea salt 
per gallon of water. 


> 
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6. WHAT IF? The website in Example 3 charges a total of $1.99 for the first 5 songs 
you download and $0.99 for each song after the first 5. Is it reasonable to use a 
direct variation model for this situation? Explain. 


Solving Real-Life Problems 


EXAMPLE 4 Modeling with Mathematics 


The number s of tablespoons of sea salt needed in a saltwater fish tank varies directly 
with the number w of gallons of water in the tank. A pet shop owner recommends that 
you add 100 tablespoons of salt to a 20-gallon tank. How many tablespoons of salt 
should you add to a 30-gallon tank? 


SOLUTION 


1. Understand the Problem You know that a 20-gallon tank requires 
100 tablespoons of salt and that the amount of salt varies directly with the 
capacity of the tank. You are asked to find the amount of salt you should add 
to a 30-gallon tank. 


2. Make a Plan Use the direct variation equation y = ax and the given values 
to write a direct variation equation for this situation. Then solve the equation 
when w = 30. 

3. Solve the Problem 


Step 1 Write a direct variation equation. Because s varies directly with w, you 
can use the equation s = aw. Also use the fact that s = 100 when w = 20. 


s=aw Write direct variation equation. 
(100) = a(20) Substitute. 
5=a Divide each side by 20 and simplify. 


A direct variation equation is s = Sw. 


4 
Step 2 Find the number of tablespoons of salt that you should add to a 30-gallon 
tank. Use the direct variation equation from Step 1. 


s= Sw Write direct variation equation. 
= 0) Substitute 30 for w. 
s = 150 Simplify. 


P You should add 150 tablespoons of salt to a 30-gallon tank. 


4. Look Back Find the ratio ™ for the given data pair and the data calculated in 
9 


the solution, 


100 _ , 150 _ 
20 * 30 


Both ratios are equal to 5, so the solution makes sense. 


5 
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7. An object that weighs 100 pounds on Earth would weigh just 6 pounds on Pluto. 
Assume that weight P on Pluto varies directly with weight £ on Earth. What 
would a boulder that weighs 45 pounds on Pluto weigh on Earth? 


Graphing Linear Functions 


¢ Muddiest Point: Ask students to identify, aloud or on a paper to be collected, the muddiest 
point(s) about the lesson. What was difficult to understand? 


3.6 Exercises Dynamic Solutions available at BigideasMath.com . 2 
Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check ASSIGNMENT 


1. COMPLETE THE SENTENCE Two quantities x and y show when y = ax and a # 0. Basic: 1, 2, 3-15 odd. 25. 27. 32 
q - a a a i ti i 
34-36 


2. WRITING A line has a slope of —3 and a y-intercept of 4. Does the equation of the line represent 
direct variation? Explain. . Average: 1, 2-28 even, 32, 34-36 


Advanced: 1, 2, 8-28 even, 29-36 


Monitoring Progress and Modeling with Mathematics 
SEEDERS HOMEWORK CHECK 


In Exercises 3-10, determine whether x and y show 15. i] piesa, ier =| ar an | eae 
direct variation. If so, identify the constant s 3 ai ea 2 i - 4 7 Basic: >, 13, 25, 27 
of variation. (See Example 1.) ea eco ie 12 18 24 ie 30 | Average: 4, 14, 26, 28 
3. y=x 4. y= 2x a Advanced: 8, 16, 26, 28 
; 16. of 4 i 6 | 8 | 10 | 
22 =X — | 6. y=3x+2 —————— ssl eee Seis ea 
Mi [2 4s [16] 
7. 4xty=1 8. -ix+y=0 ; — i ANSWERS 
In Exercises 17-22, the ordered pair is a solution of . aoe 
gh == sp = 0) Wh a= xe = 2hy a direct variation equation. Write the equation and 1, direct variation 
identify the constant of variation. 2. no; Direct variation can only be 
11. ERROR ANALYSIS Describe and correct the error in : : 
determining whether x and y show direct variation. 17. (5, 6) 18. (2,1) represented by the Soueuo of a line 


whose y-intercept is 0. 


we (Hi, 3 Ad, (= S, e : 
xK posta ee eeu 3, yes, 1 
Because the equation is not in the Pail A = 10) Pape, {= 31,2) 4, yes; 2, 
form y = ax, it does not represent. Sara 
direct variation. In Exercises 23 and 24, determine whether the situation 
shows direct variation. Explain your reasoning. 6. no 
Ves ER O8 EEE, DECI: aus Ses Me eee ue 23. A canoe rental costs $20 plus $5 for each hour of 7. no 
identifying the constant of variation for the direct herent 1 
variation equation. 3 8. yes; Z 
il 
24. New carpet costs $4 per square foot. 9. yes: a 
x —5x+ 3y=0 Agate 
3y=5x 25. MODELING WITH MATHEMATICS At a recycling . } 
nan center, computers and computer accessories can be 11. The equation needs to be solved for y; 
Toeiann Seat tan ee recycled for a fee f based on weight w, as shown in y = 6x; x and y show direct variation 
the table. (See Example 3.) 3 : 
In Exercises 13-16, determine whether x and y show — — 5 ; because the equation can be written 
direct variation. Explain. (See Example 2.) | Weight (pounds), w [ 10 ae ae ab in the form y = ax. 
13. | 1 > 3 wine Fee (dollars), f 2.50 | 3.75 | 7.50 | 12. The equation needs to be in the form 
ota y = ax; y = 3x; The constant of 
y | 5 i 10 15 | 20 | 30 | a. Explain why f varies directly with w. net a5 
: variation 18 3 
= a b. Write a direct variation equation that relates w Beene 3 
14. a 3} -1 i | 3 | 5 and f. ‘ : 13. yes; The ordered pairs lie on a line 
I that passes through the origin. 
y | oe || Uy es 6 | c. Find the total recycling fee for a computer P ae oe 
that weighs 18 pounds and a printer that weighs 14. no; The ordered pairs lie on a line 
10 pounds. that does not pass through the origin. 


15. no; The ordered pairs lie on a line 
that does not pass through the origin. 
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16. no; The ordered pairs do not lie ona 


line. 
' iG, y= Gel 
24. yes; The equation that represents the Sa ens 
situation is of the form y = ax. ie — 5x; = 
25. a. Allof the ratios “are equal to 0.25. 19. y= —3x; —3 
4 20. y= 2-2 
b. f= 0.25w W. y= dxf 
an? 
C. $7 Pode ae 35%; ms) 


23. no; The equation that represents the 
situation is not of the form y = ax. 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring fool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


26. a. le 


All of the ratios — are equal 


£ 
i WS, 
b. p= 1.252 
c. 24 in. 
i, WAN 
28. 1.5 in. 


29. yes; The equation is of the form 
y = ax. 

30. Sample answer: When traveling ina 
car, as the speed of the car increases, 
the travel time decreases. 


31-36. See Additional Answers. 


Mini-Assessment 


| Determine whether x and y show direct 
| variation. Explain. 


1. 3x - 4y=0 


x and y show direct variation. The 
equation can be rewritten in the 
form y = ax. 


x and y do not show direct 
variation. The line does not pass 
through the origin. 


3. The table shows the amount A 
(in dollars) Todd earned for washing 
C Cars. 


Amount earned 
(dollars), A 


Number of 
cars, C 


a. Explain why A varies directly 


with c. All the ratios 4 are equal 
to 6.25. ‘i 


b. Write a direct variation equation 
that relates c andA. A = 6.25c 
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Resources by Chapter 


Student Journal 


26. MODELING WITH MATHEMATICS A jewelry store 
sells gold chain by the inch. The table shows the 
prices of various lengths of gold chain. 


“Length (inches), ¢ | al 9 16 | 18 | 


ies — ee = 1 
‘Price (dollars), p | 8.75 | 11.25 | 20.00 22.50 


a. Explain why p varies directly with 2. 


b. Write a direct variation equation that relates £ 
and p. 


¢c. You have $30. What is the longest chain that you 
can buy? 


27. MODELING WITH MATHEMATICS At a company, the 
number h of vacation hours an employee earns varies 
directly with the number w of weeks the employee 
works. An employee who works 2 weeks earns 
3 vacation hours. Find the number of vacation 
hours an employee earns for working 8 weeks. 

(See Example +t.) 


28. MODELING WITH MATHEMATICS Landscapers plan 
to spread a layer of stone on a path. The number s of 
bags of stone needed varies directly with the depth d 
(in inches) of the layer. They need 20 bags to spread a 
layer of stone that is 2 inches deep. How deep will the 
layer of stone be when they use 15 bags of stone? 


29, REASONING The slope of a line is -; and the point 
(—6, 2) lies on the line. Determine whether the 
equation of the line is a direct variation equation. 
Explain. 


34. Translate the rectangle oe 
4 units left. 
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Graphing Linear Functions 


if students need help... 


© Practice A and Practice B 
© Puzzle Time 


Maintaining Mathematical Proficiency review 


Find the coordinates of the figure after the transformation. 


Dilate the triangle with 36. 
respect to the origin using 
a scale factor of 2. 


30. THOUGHT PROVOKING Two quantities x and y show 


; ate a , 
inverse variation when y = — and a # 0. Give an 
By 


example of a real-life situation that shows inverse 
variation. 


31. REASONING Consider the distance equation 
d = rt, where d is the distance (in feet), r is the rate 
(in feet per second), and f is the time (in seconds). 


a. You run 6 feet per second. Do distance and time 
vary directly? Explain. 


b. You run for 50 seconds. Do distance and rate vary 
directly? Explain. 


ce. You run 300 feet. Do rate and time vary directly? 
Explain. 


32. HOW DO YOU SEE IT? Consider the graph shown. 


a. Explain why x and y show direct variation. 


b. The scale of the x-axis changes. Do x and y still 
show direct variation? Explain. 


33. CRITICAL THINKING Consider an equation where y . 
varies directly with x. Does x vary directly with y? 
If so, what is the relationship between the constants 
of variation? 


ing what you learned in previous grades and lessons 


(Skills Review Handbook) 


Reflect the trapezoid in 
the y-axis. 


If students got it... 


Resources by Chapter 


© Enrichment and Extension 
® Cumulative Review 


e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


{ 


i 


Transformations of Graphs 


of Linear Functions Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Too! 


Essential Question How does the graph of the linear function 
f(x) = x compare to the graphs of g(x) = f(x) + c and A(x) = f(ex)? 


TEXAS ESSENTIAL interactive Whiteboard Lesson Library 


KNOWLEDGE AND SKILLS 


ABE en , 
41 RO) NNO) Comparing Graphs of Functions 


Dynamic Classroom with Dynamic Investigations 


Work with a partner. The graph of f(x) = x is shown. 4 Texas Essential 
ons SS Sketch the graph of each function, along with f, on the f Knowledge and Skills 
SELECTING same set of coordinate axes. Use a graphing calculator 
TOOLS to check your results. What can you conclude? -6 6 A.3.E The student is expected to 
To be proficient in math, a. g(x) =x +4 b. g(x) =x +2 determine the effects on the graph of 
you need to use the Gy =e aye _ the parent function f(x) = x when f(x) is 


appropriate tools, 
including graphs, tables, 
and technology, to check 
your results. 


replaced by af(x), f(x) + d, fix — ©), fbx) 


EXPLORATION 2 for specific values of a, b,c, and d. 


Comparing Graphs of Functions 


Work with a partner. Sketch the graph of each function, along with f(x) = x, on 
the same set of coordinate axes. Use a graphing calculator to check your results. 
What can you conclude? 


ANSWERS» 


ie a: 


a. h(x) = 3x b. A(x) = 2x ©. A(x) = —Zx d. A(x) = —2x 


‘EXPLORATION 3 Matching Functions with Their Graphs 


Work with a partner. Match each function with its graph. Use a graphing calculator 
to check your results. Then use the results of Explorations | and 2 to compare the 
graph of & to the graph of f(x) = x. 


a. k(x) = 2x - 4 b. k(x) = —2x +2 
c. ke) = tx +4 d. k(x) = —3x-2 b. 
A. 4 B. 4 
=6 6 =6) 6 
—4 a 
Cc 4 D. 6 
| a | 
‘cy 
=o 6 ~3 8 
i 
sy af 


Communicate Your Anewer 


4. How does the graph of the linear function f(x) = x compare to the graphs of 
a(x) = f(x) + c and A(x) = flex)? 
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For a section overview and insights into this Exploration page, 


see Laurie’s Notes at BigideasMath.com. 


Adding or subtracting a constant to a 
function causes a vertical shift of the 
graph. 


2c—4. See Additional Answers. 
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Extra Example 1 
Let f(x) = 2x + 1. 


a. Graph g(x) = f(x) — 3. Describe the 
transformation from the graph of f to 
the graph of g. 


Core Vocabulary. 


family of functions, p. 740 
parent function, p. 740 
transformation, p. 740 
translation, p. 140 
reflection, p. 747 
horizontal shrink, p. 742 
horizontal stretch, p. 742 
vertical stretch, p. 142 
vertical shrink, p. 142 


Previous 
linear function 


The graph of g is a vertical translation 
3 units down of the graph of f 

b. Graph t(x) = f(x — 3). Describe the 
transformation from the graph of f to 
the graph of t. 


The graph of t is a horizontal translation 
3 units right of the graph of f 


ANALYZING 
MATHEMATICAL 
RELATIONSHIPS 
In part (a), the output of 


g is equal to the output of 
f plus 3. 


In part (b), the output of t 
is equal to the output of f 
when the input of f is 


140 Chapter 3 


ees 


3 more than the input of t. 


What You Will Learn 


> Translate and reflect graphs of linear functions. 
p> Stretch and shrink graphs of linear functions. 
p> Combine transformations of graphs of linear functions. 


Weis evden and Reflections © 


are netany in a family ef functions is the parent functio: 

functions, the parent function is f(x) = x. The graphs of ae other nonconstant Hsia 
functions are transformations of the graph of the parent function. A transformatio 
changes the size, shape, position, or orientation of a graph. 


@ Core Concept 


A translation i is a transformation that shifts a graph horizontally or vertically but 
does not change the size, shape, or orientation of the graph. 


Horizontal Translations 


The graph of y = f(x — h)isa 
horizontal translation of the graph of 
y = f), where h # 0. 


_ Vertical Translations 


| The graph of y = f(x) + k is a vertical 
translation of the graph of y = f(@), 
where k # 0. 


y=f) 


y= f(x) +k, 
k>0 


y= fx) +k, 
k<0 


Adding k to the outputs shifts the graph 


Subtracting /: from the inputs before down when k < 0 and up when k > 0. 


evaluating the function shifts the graph 
left when hk < 0 and right when kk > 0. 


EXAMPLE 1 Horizontal and Vertical Translations 


Let f(x) = 2x — 1. Graph (a) g(x) = f(x) + 3 and (b) t(x) = f(@ + 3). Describe the 
transformations from the graph of fto the graphs of g and ¢. 


SOLUTION 

a. The function g is of the form 
y = f(x) + k, where k = 3. So, the 
grapn of g is a vertical translation 
3 units up of the graph of f. 


b. The function fis of the form 
y = f@ — A), where h = —3. So, the 
graph of 1 is a horizontal translation 
3 units left of the graph of f. 


4 
(900 = F00 + 3}, 
LLA 
~2 


Graphing Linear Functions 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigideasMath.com. 


Students may have difficulty remembering which graph is the parent function and which is the 
transformation. Choose one color for students to use exclusively for graphing the parent function. 


Have them use any other color to graph the transformation. 
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© Core Concept 


line of reflection, 


Reflections in the x-axis 


STUDY TIP 


A reflected point is the 
same distance from the 
line of reflection as the 
original point but on the 
opposite side of the line. 


The graph of y = —f(x) is a reflection 
in the x-axis of the graph of y = f(x), 


Multiplying the outputs by — 1 changes 
their signs. 


A reflection is a transformation that flips a graph over a line called the 


Reflections in the y-axis 


The graph of y = f(—.x) is a reflection 
in the y-axis of the graph of y = f(x). 


Multiplying the inputs by — 1 changes 
their signs. 


SS eNViJeaem Reflections in the x-axis and the y-axis 


Let f(x) = 3x + [. Graph (a) g(x) = —f(x) and (b) t(x) = f(—x). Describe the 
transformations from the graph of fto the graphs of g and ¢. 


SOLUTION 

a. To find the outputs of g, multiply the 
outputs of fby —1. The graph of g 
consists of the points (x, —f(x)). 


b. To find the outputs of ¢, multiply the 
inputs by —1 and then evaluate f- 
The graph of t consists of the points 


= (x, f(x). 


gx) = —F00| 
Sapa YD 


p> The graph of g is a reflection in 


the x-axis of the graph of f : PRE: 
Eerie erey > The graph of risa reflection in 


the y-axis of the graph of f. 
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Using f, graph (a) g and (b) . Describe the transformations from the graph 
of f to the graphs of g and h. 


hs AG) = av ae SCS) =) = ZINC) = ACs = 2) 
2. f(x) = —4x — 2; g(x) = —f@), kh) = f(—x) 
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The graph of / is a reflection in the 
y-axis of the graph of f- 


The graph of g is a reflection in the 
x-axis of the graph of f. 


Extra Example 2 
Let f(x) = 3x + 2. 


a. Graph g(x) = —f(x). Describe the 
transformation from the graph of 
f to the graph of g. 


The graph of g is a reflection in the 
x-axis of the graph of f. 

b. Graph t(x) = f{—x). Describe the 
transformation from the graph of 
f to the graph of t. 


The graph of t is a reflection in the 
y-axis of the graph of f. 


MONITORING PROGRESS 
ANSWERS _ 


1. a. 


translation 2 units down of the 
graph of f. 


ree 


fx) = 3x + 1\ 


The graph of fis a horizontal 
translation 2 units right of the 
graph of f. 
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Stretches and Shrinks 


You can transform a function by multiplying all the x-coordinates (inputs) by the same 


Extra Example 3 


Let f(x) = —x + 2. factor a. When a > 1, the transformation is a horizontal shrink because the graph 
= 1 : shrinks toward the y-axis. When 0 < a < 1, the transformation is a 
a. Graph g(x) = (4x). Describe the because the graph stretches away from the y-axis. ln each case, the y-intercept stays 
transformation from the graph of f the same. 
to the graph of g. You can also transform a function by multiplying all the y-coordinates (outputs) by the 


same factor a. When a > 1, the transformation is a vertical stretch because the graph 
stretches away from the x-axis. When 0 < a < 1, the transformation is a vertical 
shrink because the graph shrinks toward the x-axis. In each case, the x-intercept stays 
the same. 


G Core Concept 


Horizontal Stretches and Shrinks Vertical Stretches and Shrinks 


The graph of y = f(a@x) is a horizontal The graph of y = a + f(x) is a vertical 
stretch or shrink by a factor of a of 


stretch or shrink by a factor of a of 
a the graph of y = f(x), where a > 0 


The graph of g is a horizontal stretch 


STUDY TIP the graph of y = f(x), where a > 0 anda # | 
of as graph of f by a factor of | The grabhe ety = tan) anda # 1. 
{= eas and y =-a - f(x) represent y = flax), _ a ha 
‘ tretch or shrink and 
b. Graph hx) = 2f(0 Describe the ele ooo y=) 
transformation from the graph of f to y-axis of the graph of eye y=a- fx), 
y = fax), 
y = F(x). NAST O<a<1 


the graph of h. 
ee : The x-intercept 


The y-intercept 
stays the same. 


stays the same. 


DN 4esee Horizontal and Vertical Stretches 


Let f(x) = x — 1. Graph (a) g(x) = f(4x) and (b) h(x) = 3f(x). Describe the 
transformations from the graph of fto the graphs of g and h. 


The graph of A is a vertical stretch of 


the graph of f by a factor of 2. pe =. : 
1 fx) == 1 a. To find the outputs of g, multiply the inputs by ‘. las =a || @ R 
3 E Then evaluate f’ The graph of g consists of the F ate 
arte) far 
4 points {x, {52}. val 
| ‘#(*x) | 9 a 0 
3x p> The graph of g is a horizontal stretch of LB rE. | 


gtx) = #4) 


the graph of fby a factor of | + : = 3. 


b. To find the outputs of #, multiply the Ps To 14 5 
outputs of f by 3. The graph of ft consists ae aa 
of the points (x, 3f(x)). | f(x) = l 0 | 
> The graph of / is a vertical stretch of the 3f(x) —3 | 0 | 3 

graph of f by a factor of 3. ae 


142 Chapter 3 Graphing Linear Functions 


142 Chapter 3 


PONV eee §=Horizontal and Vertical Shrinks 


Let f(x) = x + 2. Graph (a) g(x) = f(4x) and (b) A(x) = + (x). Describe the 
transformations from the graph of f to the graphs of g and h. 


SOLUTION 


a. To find the outputs of g, multiply the inputs by 4. ee , 
Then evaluate f. The graph of g consists of the 
points (x, f (4x). 


| x Eig © 
Ea 

EB 
flax) -2| 2 | 6 | 


p> The graph of g is a horizontal shrink of 
the graph of fby a factor of i 


b. To find the outputs of h, multiply the outputs 
of fby i The graph of / consists of the 


points (x, ifb0). 


is 
~~ 
= 
x 
~ 
S 
pe —s 
l= 
_ 


p> The graph of his a vertical shrink of the graph of f by a factor of i. 
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Using f, graph (a) g and (b) #. Describe the transformations from the graph of f 
to the graphs of g and h. 


3. f(x) = 4x ~ 2; gx) = f(4x); A(x) = 2f0) 
4. fx) = —3x + 4; g(x) = f(20); h(a) = 4 f) 


Combining Transformations 


& Core Concept 


Transformations of Graphs 


The graph of y = a = f(x — h) + k or the graph of y = flax — h) + kcan be 
obtained from the graph of y = f(x) by performing these steps. 


STUDY TIP 


You can perform 
transformations on the 
graph of any function f 
using these steps. 


Step 1 Translate the graph of y = f(x) horizontally h units. 
Step 2 Use a to stretch or shrink the resulting graph from Step I. 
Step 3 Reflect the resulting graph from Step 2 when a < 0. 


Step 4 Translate the resulting graph from Step 3 vertically k units. 
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Extra Example 4 
Let f(x) = 2x — 2. 


a. Graph g(x) = f(2x). Describe the 


transformation from the graph of f to 
the graph of g. 


The graph of g is a horizontal shrink 
of the graph of f by a factor of ‘ 


b. Graph A(x) = + £(x). Describe the 


transformation from the graph of f 
to the graph of A. 


The graph of A is a vertical shrink of 
the graph of f by a factor of i 


MONITORING PROGRESS 
ANSWERS 


f 


8h GL 


i Ea ee 


The graph of g is a horizontal 
stretch of the graph of fby a 
factor of 2. 


3b—4. See Additional Answers. 
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Extra Example 5 

Graph f(x) = x and g(x) = 3x — 4. 
Describe the transformations from the 
graph of f to the graph of g. 


[ ANOTHER WAY 


You could also rewrite g 
as g(x) = f(-2x) + 3. In this 
case, the transformations 
from the graph of fto 
the graph of g will be 
A(x) - different from those in 

: Example 5. 


Stretch the graph of f vertically by a 

factor of 3 to get the graph of h(x) = 3x. 
Translate the graph of A vertically 4 units 
down to get the graph of g(x) = 3x — 4. 


Extra Example 6 

In Example 6, the cable company changes 
the cost to customers from $60 per month 
with no installation fee to a new rate 

of $45 per month with an installation 

fee of $30. The new cost is represented 
by s(m) = 45m + 30. Describe the 
transformations from the graph of c to the 
graph of s. 

The transformations are a vertical shrink 
by a factor of 4 and then a vertical 
translation 30 units up. 


MONITORING PROGRESS 


ANSWER 


The transformations are a vertical 
shrink by a factor of ‘ and then a 144 
vertical translation 2 units down. 


Chapter 3 


> NVieseee Combining Transformations 


Graph f(x) = x and g(x) = —2x + 3. Describe the transformations from the graph 
of fio the graph of g. 


SOLUTION 


Note that you can rewrite g as g(x) = —2f(x) + 3. 


Step 1 There is no horizontal translation from the 
graph of f to the graph of g. 


Step 2 Stretch the graph of f vertically by a factor 
of 2 to get the graph of h(x) = 2x. 


Step 3 Reflect the graph of h in the x-axis to get the 
graph of r(x) = —2x. 


Step 4 Translate the graph of r vertically 3 units up 
to get the graph of g(x) = —2x + 3. 


“EXAMPLE 6 Solving a Real-Life Problem 


A cable company charges customers $60 per month for its service, with no installation 
fee. The cost to a customer is represented by c() = 60, where m is the number 

of months of service. To atiract new customers, the cable company reduces the 
monthly fee to $30 but adds an installation fee of $45. The cost to a new customer 

is represented by r(m) = 30m + 45, where sis the number of months of service. 
Describe the transformations from the graph of ¢ to the graph of r. 


SOLUTION 


Note that you can rewrite r as r(m) = 2c(m) + 45. In this form, you can use the 


order of operations to get the outputs of r from the outputs of c. First, multiply 
the outputs of c by ; to get /i(m) = 30m. Then add 45 to the outputs of hf to get 


rQm) = 30m + 45. 


c(m) = 60m 


r(m) = 30m + 45 
if, 


> The transformations are a vertical shrink by a factor of 5 and then a vertical 
translation 45 units up. 
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5. Graph f(x) = x and h(x) = tx — 2. Describe the transformations from the 


graph of f to the graph of h. 


Graphing Linear Functions 


e Look Back: Have students Look Back over Section 3.7. Have them summarize what they 
understand about transformations and what helped them learn it. 
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3.7 Exercises 


affects the graph of a function. 


affect the graph of y = f(x)? 


Vocabulary and Core Concept Check 


1. WRITING Describe the relationship between f(x) = x and all other nonconstant linear functions. 


2. VOCABULARY Name four types of transformations. Give an example of each and describe how it 


- WRITING How does the value of a in the equation y = f(ax) affect the 
graph of y = f(x)? How does the value of a in the equation y = af(x) 


. REASONING The functions f and g are linear functions. The graph 
of g is a vertical shrink of the graph of f, What can you say about the 
x-intercepts of the graphs of fand g? Is this always true? Explain. 


Dynamic Solutions available at BigideasMath.com 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-10, use the graphs of f and g to describe 
the transformation from the graph of f to the graph 
of g. (See Example 1.) 


5. (ge) =f(x)+2) © [gi = fx + 4) 


y au Li BaNy 


7. fix) = fx + 3; @) =f) -3 
8. f(x) = —3x + 4; g@) = f(x) + 1 


9. f(x) = —x — 2; ga) = fla +5) 


10. f(x) = $x — 5; g(x) = fx - 3) 


11. MODELING WITH MATHEMATICS You anda 
friend start biking from the same location. 
Your distance d (in miles) after 
t minutes is given by the function 
d(t) = it. Your friend starts biking 
5 minutes after you. Your friend’s 
distance fis given by the function 
f(t) = d(t — 5). Describe the 
transformation from the graph 
of d to the graph of f 
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SUPPORTING English Language Learners 


_ Read Exercise 12 and point out the pricing details from Corey's Catering that are represented by the 


_ function C. 


12. MODELING WITH MATHEMATICS The total cost 
C (in dollars) to cater an event with p people is 
given by the function C(p) = 18p + 50. The set-up 
fee increases by $25. The new total cost Tis given 
by the function 7(p) = C(p) + 25. Describe the 
transformation from the graph of C to the graph of 7. 


© Corey’s Catering 


| Pricing 


$50 set-up fee + 
| $18 per person 


In Exercises 13-16, use the graphs of f and h to describe 
the transformation from the graph of f to the graph 
of h. (See Example 2.) 


ES ae 14. 


fix) = 2x + 4} 


Aw) = —f(x)] 3 


15. f(x) = —5—x; A(x) = f(—») 


Pos 


fe * 
(x) = —3x +1} 


16. f(x) = 4x—2; A(x) = —f0) 
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| Beginning Have students state the original set-up fee and price per person. ($50 and $18) 


cost function C. 


ELPS 4.C.2 Derive meaning of environmental print. 


Intermediate Explain what the 18 and 50 represent in the cost function C. 
Advanced/Advanced High Explain how the pricing details are used to determine the original 


Assignment Guide and 


Homework Check 


ASSIGNMENT 
Basic: 1-4, 5-27 odd, 39-45 odd, 48, 


62, 68-73 
Average: 1—4, 6-32 even, 
36-44 even, 48-52 even, 62, 68-73 


Advanced: 1-4, 8-16 even, 20, 22, 
26-66 even, 68-73 


HOMEWORK CHECK 
Basic: 5, 15, 17, 25, 41 


Average: 6, 16, 18, 26, 42 
Advanced: 8, 16, 20, 28, 42 


ANSWERS 


1 


11. 


12. 


The graphs of all other nonconstant 
linear functions are transformations 
of the graph of f(x) = x. 

translation, reflection, stretch, shrink; 
Sample answer: y = f(x) + 2 isa 
vertical translation 2 units up of 

the graph of f(x). y = —f(x) isa 
reflection in the x-axis of the graph 
of f(x). y = 2f(4) is a vertical stretch 
by a factor of 2 of the graph of f(x). 
y= +f) is a vertical shrink by a 
factor of - of the graph of f(x). 
causes a horizontal stretch or shrink; 
causes a vertical stretch or shrink 


They are the same; yes; Sample 
answer: A point on the x-axis is not 
affected by a vetical shrink. 


The graph of g is a vertical translation 
2 units up of the graph of f. 

The graph of g is a horizontal 
translation 4 units left of the graph 

of f. 

The graph of g is a vertical translation 
3 units down of the graph of f. 

The graph of g is a vertical translation 
| unit up of the graph of f. 

The graph of g is a horizontal 
translation 5 units left of the graph 

of f. 

The graph of g is a horizontal 
translation 3 units right of the graph 
of f. 

The graph of fis a horizontal 
translation 5 units right of the graph 
of d. 

The graph of 7 is a vertical 


translation 25 units up of the graph 
Oi C. 


13-16. See Additional Answers. 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

17. The graph of r is a vertical stretch of 
the graph of f by a factor of 2. 

18. The graph of ris a horizontal stretch 
of the graph of f by a factor of 4. 

19. The graph of r is a horizontal stretch 
of the graph of f by a factor of 2. 

20. The graph of ris a horizontal stretch 
of the graph of f by a factor of 3. 

21. The graph of r is a vertical stretch of 
the graph of f by a factor of 3. 

22. The graph of ris a vertical stretch of 
the graph of f by a factor of 4. 

23. The graph of / is a horizontal shrink 
of the graph of f by a factor of 7 

24. The graph of h is a vertical shrink of 
the graph of f by a factor of * 

25. The graph of / is a vertical shrink of 
the graph of f by a factor of z 

26. The graph of / is a horizontal shrink 
of the graph of f by a factor of i. 

27. The graph of / is a horizontal shrink 
of the graph of f by a factor of = 

28. The graph of / is a vertical shrink of 
the graph of f by a factor of =, 

29. The graph of g is a vertical shrink of 
the graph of f by a factor of : 

30. The graph of g is a reflection in the 
x-axis of the graph of f. 

31. The graph of g is a horizontal 
translation 2 units right of the graph 
of f. 

32. The graph of g is a horizontal stretch 
of the graph of f by a factor of 5. 

33. The graph of g is a vertical stretch of 
the graph of f by a factor of 6. 

34. The graph of g is a vertical translation 
3 units down of the graph of f. 


255 CD) = Ge — 2) 


In Exercises 17-22, use the graphs of f and r to describe 
the transformation from the graph of f to the graph ofr. 
(See Example 3.) 


lz, 18. 


f(x) = 3x - 1] 


2 | 4x 


ie 2100) 


TE JAG) = = 2he = 48 Cg) = c) 


20. f(y) = 3x + 5: r) = 


7AM §KED) = Sx + 1; r@) = 3f) 
22. fix) = —bx - 25rd) = 4f0) 
In Exercises 23-28, use the graphs of f and 2 to describe 


the transformation from the graph off to the graph of h. 
(See Example 4.) 


x) = #x)} 2% [nga = 4400] 


25. f(x) = 3x — 12; h@) = efx) 


23. AC 


26. f(x) = —x + 1: AG) = fx) 
27. f(x) = —2x — 2; h(x) = f(Sx) 
28. f(x) = 4x + 8: AG) = Ff) 


In Exercises 29-34, use the graphs of f and g to describe 
the transformation from the graph off to the graph of g. 


29. f(x) =x — 2; e() = if) 

30. fix) = —4x + 8; a(x) = —fQ) 
31. fx) = -2x - 7; g(x) = flx - 2) 
32. f(x) = 3x + 8; (x) = f(3x) 

Sb), (iG) = — aes) = Oo) 


SH {C9 = a Gn) =f) = 
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In Exercises 35-38, write a function g in terms of f so 
that the statement is true. 


35. The graph of g is a horizontal translation 2 units right 
of the graph of f 


36. The graph of g is a reflection in the y-axis of the 
graph of f 


37. The graph of g is a vertical stretch by a factor of 4 of 
the graph of f 


38. The graph of g is a horizontal shrink by a factor of of 
the graph of f 


ERROR ANALYSI5 In Exercises 39 and 40, describe and 
correct the error in graphing g. 


In Exercises 41-46, graph f and h. Describe the 
transformations from the graph of f to the graph of h. 
(See Exaniple 5.) 


41. fx) = x hx) = 4x + 1 
42. fix) =x; h(x) = 4x -2 
43. fix) =x; h(x) = -3x-4 
44. fix) =x, h(x) = 4x +3 
45. fx) = 2x: h(x) = 6x — 5 


46. f(x) = 3x; h@) = —3x -7 


50 eO=-) 40. f(—x) is a reflection in the y-axis, not the 41. 


37. g(x) = 4f@) X-axis. 


38. g(x) = f(5x) 
39. f(x — 2) is a translation to the right, 
not to the left. 


Vga eB Af ile ell ule 


The transformations are a vertical shrink 
by a factor of 7 then a vertical translation 
1 unit up. 


42-46. See Additional Answers. 


146 Chapter 3 


47. 


48. 


MODELING WITH MATHEMATICS The funetion 

t(x) = —4x + 72 represents the temperature from 

5 P.M, to 11 P.M., where x is the number of hours after 
5 P.M. The function d(x) = 4x + 72 represents the 
temperature from 10 A.M. to 4 P.M., where x is 

the number of hours after 10 A.M. Describe the 
transformation from the graph of ¢ to the graph of d. 


MODELING WITH MATHEMATICS A school sells 
T-shirts to promote school spirit. The school’s profit 
is given by the function P(x) = 8x — 150, where x is 
the number of T-shirts sold. During the play-offs, the 
school increases the price of the T-shirts. The school’s 
profit during the play-offs is given by the function 
Q(x) = 16x — 200, where x is the number of 

T-shirts sold. Describe the transformations from the 
graph of P to the graph of Q. (See Example 6.) 


49. 


USING STRUCTURE The graph of 

g(x) = a+ f(x — b) + cis a transformation of 
the graph of the linear function f. Select the word 
or value that makes each statement true. 


reflection translation = 
stretch shrink 0 
left right 1 
y-axis X-axis 


a. The graph of g is a vertical of the graph of f 
when a = 4.b = 0. ande = 0. 
b. The graph of g is a horizontal translation of 


the graph of fwhen a = 1, b = 2,andc = 0. 


¢. The graph of g is a vertical translation | unit up of 
the graph of fwhen a = 1, b = 0, andc = : 
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50. USING STRUCTURE The graph of 


Bile 


52. 


h{x) = a + f(bx — c) + dis a transformation of 
the graph of the linear function f. Select the word 
or value that makes each statement true. 


vertical horizontal 0 
stretch shrink : 
y-axis X-axis 5 
a. The graph of his a shrink of the graph of f 
when a 4, b=1,c=0,andd=0. 
b. The graph of his areflectioninthe___—_ of the 


graph of fwhen a = 1,b = —1,c = 0, andd = 0. 


¢. The graph of / is a horizontal stretch of the graph 
of fby a factor of 5 when a = 1, b = 56 =), 
and d= 0. 


ANALYZING GRAPHS Which of the graphs are related 
by only a translation? Explain. 


ANALYZING RELATIONSHIPS A swimming pool is 
filled with water by a hose at a rate of 1020 gallons 
per hour. The amount v (in gallons) of water in 

the pool after ¢ hours is given by the function 

v(t) = 1020r. How does the graph of v change in 
each situation? 


a. A larger hose is found. Then the pool is filled at a 
rate of 1360 gallons per hour, 


b. Before filling up the pool with a hose, a water truck 
adds 2000 gallons of water to the pool. 


Transformations of Graphs of Linear Functions 147 


ANSWERS 

47. The graph of dis a reflection in the 
y-axis of the graph of ¢. 

48. The transformations are a horizontal 
shrink by a factor of then a vertical 
translation 50 units down. 


49, a. stretch 
b. right 
c || 

50. a. vertical 


b. y-axis 
et 

51. Band C, A and F; Adding 4 to the 
y-coordinate of each point on B 
gives the corresponding y-coordinate 
on C. Adding 2 to the y-coordinate 
of each point on F gives you the 


corresponding y-coordinate on A. 
52. a. The new graph is a horizontal 
shrink of the old graph by a factor 
of 2. 
b. The new graph is a vertical 
translation of 2000 units up of 
the old graph. 


Section 3.7 147 


ANSWERS 
53. a. The new graph is a vertical 
translation 10 units up of the old 
graph. 
b. The new graph is a horizontal 
stretch of the old graph by a 
factor of 2. 


54. Sample answer: g(x) = 7m (x) + 1 
55-73. See Addittonal Answers. 


Mini-Assessment 


Use the graphs of f and g to describe 
the transformation from the graph of f 
to the graph of g. 

1. Ax) = 2x — 3; g(x) = f(x) — 4 
The graph of g is a vertical 
translation 4 units down of the 
graph of f 

2. f(x) = 3x; g(x) = —f(x) 

The graph of g is a reflection in the 
x-axis of the graph of f 

3. f(x) = —x + 4; g(x) = 2F (x) 

The graph of g is a vertical stretch 
of the graph of f by a factor of 2. 


4. f(x) = xi g(x) = 2x + 3 


Stretch the graph of f vertically by 
a factor of 2 to get the graph of 
h(x) = 2x. Translate the graph of 
h vertically 3 units up to get the 
graph of g(x) = 2x + 3. 

5. An Internet service provider charges 
customers $80 per month for its 
service, with no installation fee. The 
cost to a customer is represented 
by c(m) = 80m, where m is the 
number of months of service. To 
attract new customers, the provider 
reduces the monthly fee to $60, 
with an installation fee of $25. 

The cost to a new customer is 
represented by s(m) = 60m + 25, 
where m is the number of 

months of service. Describe the 
transformations from the graph 
of c to the graph of s. 


The transformations are a vertical 
shrink by a factor of * and then a 
vertical translation 25 units up. 
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| Differentiating the Lesson 


53. ANALYZING RELATIONSHIPS You have $50 to spend 
on fabric for a blanket. The amount 7 (in dollars) of 
money you have after buying y yards of fabric is given 
by the function m(y) = —9.98y + 50. How does the 
graph of m change in each situation? 


Bates 


Fabric: 


a. You receive an additional $10 to spend on 
the fabric. 


b. The fabric goes on sale, and each yard now 
costs $4.99, 


54. THOUGHT PROVOKING Write a function g whose 
graph passes through the point (4, 2) and is a 
transformation of the graph of f(x) = x. 


In Exercises 55-60, graph f and g. Write g in terms of f. 
Describe the transformation from the graph of f to the 
graph of g. 


55. fx) = 2x — 5: e(x) = 2x -— 8 


56. fx) = 44 + 1: gQ) Be Il 


57. f(x) = 3x + 9; g(x) = 3x + 15 

58. f(xy) = —x-4:. gQ) =x-4 

59. fl) =x +2; (x) = 2x +2 

60. fi) =x -— 1; a(x) = 3x -3 

61. REASONING The graph of f(x) = x + Sis a vertical 
translation 5 units up of the graph of f(x) = x. How 


can you obtain the graph of f(x) = x + 5 from the 
graph of f(x) = x using a horizontal translation? 


Solve the formula for the indicated variable. 


68. Solve for h. 
= . 
V = arh 


Solve the inequality. Graph the solution, if possible. 
70. 


B= 3S NA Wi, Weiss sesh a! 
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lf students need help... 


Resources by Chapter 
e Practice A and Practice B 


® Puzzle Time 


Student Journal 


e Practice 


Skills Review Handbook 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


(Section 1.4) 
69. Solve for w. 


72. 


62. HOW DO YOU SEE IT? Match each function with its 
graph. Explain your reasoning. 


a. a(x) = f(—x) 
Gs Labs) = AG) ak D 


b. ge) =f) ~ 4 
d. k(x) = fGx) 


REASONING In Exercises 63-66, find the value of r. 


: =3 
g(x) & f(x — 1) 


65. fx) = 3x —6 66. f(x) = 4x a 3| 


i 


ate) = foo +r] 


67. CRITICAL THINKING When is the graph of 
y = f(x) + w the same as the graph of y = f(x + w) 
for linear functions? Explain your reasoning. 


P=242w 


(Section 2,2) 


=) sear 7 


If students got it... 


Resources by Chapter 
e Enrichment and Extension 


a 


Start the next Section 


3.4-3.7 What Did You Learn? 


Core Vocabulary 


standard form, p. 1/6 
x-intercept, p. 117 
y-intercept, p. 117 

zero of a function, p. //8 


slope-intercept form, p. 1/26 
constant function, p. /26 
direct variation, p. 134 
constant of variation, p. 134 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Interactive Whiteboard Lesson Library 


translation, p. 140 
reflection, p. 141 
horizontal shrink, p. 142 
horizontal stretch. p. 142 


Dynamic Classroom with Dynamic Investigations 


slope, p. 124 family of functions, p. 140 vertital stretch, p. 142 ANSWERS 
rise, p. 124 parent function, p. /40 vertical shrink, p. 142 1. The units were given in the statement 
run, p. 124 transformation, p. 740 


Core Concepts 


Section 3.4 


Horizontal and Vertical Lines, p. 7/6 
Using Intercepts to Graph Equations. p. //7 


Section 3.5 
Slope, p. 124 


Section 3.6 
Identifying Direct Variation Equations, p. 134 


Section 3.7 


Horizontal Translations, p. 740 
Vertical Translations, p. /40 
Reflections in the x-axis, p. /4/ 
Reflections in the y-axis, p. 14] 


Mathematical Thinking 


1. Explain how you determined what units of measure to use for the horizontal 
and vertical axes in Exercise 37 on page 130, 


2. Explain your plan for solving Exercise 48 on page 147. 


BigideasMath.com. 


Performance Task - - - ~2 


The Cost of a T-Shirt 


You receive bids for making T-shirts for your class fundraiser from 
four companies. To present the pricing information, one company 
uses a table, one company uses a written description, one company 
uses an equation, and one company uses a graph. How will you 
compare the different representations and make the final choice? 


To explore the answer to this question and more, go to 


Finding Zeros of Functions, p. 7/8 


Slope-Intercept Form, p. 1/26 


Writing Direct Variation Equations, p. /35 


Horizontal Stretches and Shrinks, p. /42 
Vertical Stretches and Shrinks, p. /42 
Transformations of Graphs, p. /43 


of the problem. Because f was the 
independent variable, the units for ¢ 
went on the horizontal axis. Because 
d was the dependent variable, the 
units for d went on the vertical axis. 


Rewrite Q as 2(8x) — 200 to match 
the coefficient in P. Then rewrite the 
constant term as —150 — 50 to get 
an expression that is an exact match 
of P. Express Q in terms of P to 
describe the transformations. 


Chapter 3 149 


ANSWERS 


i. 


150 


not a function; A vertical line can be 
drawn through more than one point 
on the graph in many places. 
function: Every input has exactly one 
output. 

function; Every input has exactly one 
output. 


a. The amount of money in the bank 
account is the dependent variable 
and the hours you babysat ts the 
independent variable. 

b. domain: 0<x <4; 
range: 100s y < 140 

linear; As x increases by 5, 

y decreases by 3. The rate of change 

is constant. 


nonlinear; The graph is not a line. 

a, Ll, 2. 3,4, S, 6, 7 clisaraies Tare 
number of tickets bought must be 
a whole number. 


fe sqpremics. + = gee 


i en ae 
GC l23 435 68 7 Bx 
Tickets bought 


Money left (dollars) 


c. 60, 52, 44, 36, 28, 20, 12, 4 
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Dynamic Solutions available at BigideasMath.com 


Chapter Review 


3.1 | Functions (pp. 89-96} 


Determine whether the relation is a function. | . | —« - 
é Input, x 2) 5 ; 
Explain. : 


- 


‘Outputy| 5 | 1 hi 12 


Every input has exactly one output. 


> So, the relation is a function. 


Determine whether the relation is a function. Explain. 


1. 2. Input,x Output, y 3. y = —x + 6 with inputs 
x = Qandx =3 
11 
is : 
22 


4. The function y = 10x + 100 represents the amount y (in dollars) of money in your bank account 
after you babysit for x hours. 


a. Identify the independent and dependent variables. 
b. You babysit for 4 hours. Find the domain and range of the function. 


EPR Linear Functions (pp. 97-106) 


Does the table or equation represent a linear or nonlinear function? Explain. 
+4 +4 +4 


LEDS EEN 
T =3x— 
aIx| 6 | 10 | 14 18 | Diy ae 
ly |. 5 9 14 | 20 | The equation is in the form y = mx + b. 
Ss > So, the equation represents a linear function. 


ape ary aks) 


As x increases by 4, y increases by different 
amounts. The rate of change is not constant. 


> So, the function is nonlinear. 


Does the table or graph represent a /inear or nonlinear function? Explain. 


5 i > 7 pin 6, 
Gal 
ahi 


-7 


7. The function y = 60 — &x represents the amount y (in dollars) of money you have after 
buying x movie tickets. (a) Find the domain of the function. Is the domain discrete or continuous? 
Explain. (b) Graph the function using its domain. (c) Find the range of the function. 


Graphing Linear Functions 


3.3 Function Notation (pp. 107-172) 


a. Evaluate f(x) = 3x — 9 whenx = 2. 


ff) =3x-9 Write the function. 
f(2) = 3(2) — 9 Substitute 2 for x. 
==> 9 Multiply, 
= =3 Subtract. 


| > When x = 2, f(x) = -3. 
b. For f(x) = 4x, find the value of x for which f(x) = 12. 


FO) = 4x Write the function. 
Pea, Substitute 12 for f(x). 
=x Divide each side by 4. 


P When x = 3, f) = 12. 
Evaluate the function when x = —3, 0, and 5. 
8. fa)=x+8 9. g(x) =4—- 3x 


Find the value of x so that the function has the given value. 


10. k(x) = 7x, k(x) = 49 


3.4 Graphing Linear Equations in Standard Form (pp. 175-722) 


Use intercepts to graph the equation 2x + 3y = 6. 
Step 1 Find the intercepts, 


To find the x-intercept, substitute To find the y-intercept, substitute 
0 for y and solve for x. 0 for x and solve for y. 
Pe SSO (6) 2x + 3y =6 
2x + 3(0) = 6 2(0) + 3y =6 
x=3 y=2 


Step 2 Plot the points and draw the line. 
The x-intercept is 3, so plot the point (3, 0). 
The y-intercept is 2, so plot the point (0, 2). 
Draw a line through the points. 


Graph the linear equation. 
12. 8 — 4y = 16 les Ieee = tyes ta ee pes 
Find the zero of the function. 


16. p(x) = 2x — 10 17. v(x) = 0.25x + 3 


Chapter 3 


11. rx) = —Sx — 13 r@) = 19 


18. b@) = -—8x +4 
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ANSWERS 
8. 5,3) 13 
9. 1a A | 
10. x=7 

ll. x= —4 


1 
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ANSWERS 


6 
19. § 
20. undefined 13.5) Graphing Linear Equations in Slope-Intercept Form (pp, 723-132) 
wal, 
22 a. The points represented by the table lie on a line. How can you find the slope of the line 


from the table? What is the slope of the line? 


| 
Choose any two points from the table and use the slope formula. eare 
| y two p P — 
L 
' 


— 
Use the points (x;, y;) = (1, —7) and (x, v2) = (4, 2). zs ye | 
| 1 =] 
_¥27~ V1 _2-(-7) _9 
slope = ase ea 3 or3 | 4 | D | 
7 al | 
P The slope is 3. 10 | | 
is gas 


1 
b. Graph 3% + y = 1. Identify the x-intercept. 
| Step 1 Rewrite the equation in slope-intercept form. 
! v= st ap 
i Step 2 Find the slope and the y-intercept. 


m= ; and = | 


Step 3 The y-intercept is 1. So, plot (0, 1). 


Step 4 Use the slope to find another point on the line. 


Plot the point that is 2 units right and | unit up 
from (0, 1). Draw a line through the two points. 


ye The line crosses the x-axis at (—2, 0). So, the x-intercept is —2. 


The points represented by the table lie on a line. Find the slope of the line. 


| 
| 
| 
| 
| 
| 
—_— 20. e y 
Tr 


Graph the linear equation. Identify the x-intercept. 
22. y=2x +4 7B, =e sey = = 1) 24. x+ 3y=9 
25. A linear function # models a relationship in which the dependent variable decreases 2 units for 


every 3 units the independent variable increases. Graph h when h(0) = 2. Identify the slope, 
y-intercept, and x-intercept of the graph. 
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nee 
slope: —3; y-intercept: 2; 
x-intercept: 3 
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ANSWERS 


26. no; The equation cannot be written in 
the form y = ax. 


EG Modeling Direct Variation (pp. 133-138) 27. yes; The equation can be written in 


a. Determine whether x and y show direct variation. Explain. the form y = ax. 


| | eee | 28. no; The ordered pairs lie on a line 
Ts a ‘a ; | that does not pass through the origin. 
—2 —3 — |= . . . 
| y | ese deen 2 | =e 29. yes, The ordered pairs lie on a line 


that passes through the origin. 


30. a. All of the ratios ? are equal 
w 


i: 1 
S250 9350 
b. 4 gal 


p> The line does not pass through the origin. So, x and y do not show direct variation. 


f 
b. The table shows the costs C (in dollars) for / hours of repair ] | 
; here “4 Number of Cost | 
work on your car. Explain why C varies directly with h. Then Moura | (dollarauc 
write a direct variation equation that relates and C. | at 4 
: ae : ~ j 360 ; 
Find the ratio — for each data pair (h, ' 
h aaa 5 | 450 | 
360 450 540 
: ' 6 540 
| #0 = 99, 220 = 90, 23 = 99 Vig ee 
> All of the ratios are equal to 90. So, C varies directly with h. 
Because & = 90, the constant of variation is 90. So, a direct variation equation is C = 90h. 
Determine whether x and y show direct variation. Explain. 
26. -—6x-y=1 27. 4x+y=0 
28. (pee ean ee ae 728), Sn pees eer eg | 
molt ai 3] B-4/)-21 0 | 2 | 
: ariigy ee amr father steal 
m+ | | 2] -5) I EIREs 
30. The table shows the number p of gallons of paint needed ‘is ee 
Wall | Paint 
to cover w square feet of wall space. | 
: Coals . sas ra w (gallons), p 
a. Explain why p varies directly with w. Then i “4 ; 
write a direct variation equation that relates | e | 
wand p. | 2100 6 
b. How much paint do you need to cover | 3500 10 
1400 square feet of wall space? a eae 
Chapter 3 Chapter Review 153 | 
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ANSWERS 
3k. a 


[hea = f+ ZZ 


Olt 


32. ae et 


fie) + TY 


[he = 


Oo: 


The graph of # 1s a reflection in the 
y-axis of the graph of f. 


34. 


The graph of / is a reflection in the 


BS: 


the graph of f by a factor of 3. 
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36. 


a. 


Transformations of Graphs of Linear Functions (pp. 139-748) 


Let f(x) = ~te + 2. Graph f(x) = f(x — 3). Describe the transformation from the 
graph of f to the graph of ¢. 


The function ¢ is of the form y = f(x — h), where h = 3. So, the graph of r is a horizontal 
translation 3 units right of the graph of f. 


Ly 


oednaal 
= ai 


Graph f(x) = x and g(x) = —3x — 2. Describe the transformations from the graph 
of f to the graph of g. 


Note that you can rewrite g as g(x) = —3f(x) ~ 2. 

Step 1 There is no horizontal translation from the graph of fto the graph of g. 

Step 2 Stretch the graph of f vertically by a factor of 3 to get the graph of h(x) = 3x. 

Step 3 Reflect the graph of # in the x-axis to get the graph of r(x) = ~3y. 

Step 4 Translate the graph of r vertically 2 units down to get the graph of g(x) = —3x — 2. 


the graph of h. 


31. 


33. 


35. 


37s 
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in =e 


ea 


The graph of # is a horizontal shrink of the 
graph of f by a factor of 2. 


(0) 


aN h = 46x) 


h(x) = f(x + 3) 32. ha) =fa)+!1 


Let f(x) = 3x + 4. Graph f and h. Describe the transformation from the graph of f to 
i 


A(x) = fl-x) 
h(x) = 3) 


34. h(x) = —f(x) 
36. A(x) = f(6x) 


Graph f(x) = x and g(x) = 5x + 1. Describe the transformations from the graph of f to 
the graph of g. 


Graphing Linear Functions 


The transformations are a vertical stretch 
by a factor of 5, then a vertical translation 
1 unit up. 


Chapter Test 


Determine whether the relation is a function. If the relation is a function, determine 
whether the function is /inear or nonlinear. Explain. 


1. po 0 [1 | : Cay iirc ai. 8) 35 ae 
5 


Be 


Graph the equation and identify the intercept(s). Find the stope of the line. 
4. 2x -—3y =6 5. y=45 6. y= —7x 


Find the domain and range of the function represented by the graph. Determine whether 
the domain is discrete or continuous. Explain. 


Graph f and g. Describe the transformations from the graph of f to the graph of g. 
9. f(x) = 2x + 4; 2@) = sfx) 100 f@) =x; 20) = —x + 3 


Find the zero of the function. 


11. AG) =4x- 1 12. d(x) = —8x-2 


13. Function A represents the amount of money in a jar based on the number of quarters in the 
jar. Function B represents your distance from home over time. Compare the domains. 


14, A mountain climber is scaling a 500-foot cliff. The graph shows the 


; é Mountain Climbing __ 
elevation of the climber over time. : a 


a7 


a. Find and interpret the slope and the y-intercept of the graph. 


b. Explain two ways to find f(3). Then find f(3) and interpret 
its meaning. 


(Pays epee 
c. How long does it take the climber to reach the top of the cliff? (FOd = 125x + 50) 


Justify your answer, 0 08 16 24 3.2 40x 


Time (hours) 


Elevation (feet) 
Ww 
8 


15. Without graphing, compare the slopes and the intercepts of the 
graphs of the functions f(x) = x + 1 and g(x) = f(2x). 


16. You are making cranberry sauce. The number ¢ of cups of fresh cranberries varies directly 
with the number s of servings of cranberry sauce. A recipe that serves 16 people calls for 
4 cups of fresh cranberries. How many cups of fresh cranberries should you use to make 
28 servings of cranberry sauce? 
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If students need help... If students got it... 


Lesson Tutorials Resources by Chapter 


e Enrichment and Extension 
e Cumulative Review 


Skills Review Handbook Performance Task 


seh be 


Start the next Section 
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ANSWERS 


Il. 


function; Every input has exactly 
one output; not linear; As x increases 
by 1, y changes by different amounts. 
The rate of change is not constant. 
function; Every input has exactly one 
output; linear; It is in the form 
y=mxt b, 

not a function; The input —2 has 
infinite output values. 


x-intercept: 3; y-intercept: —2; 
slope: 2 


no x-intercept; y-intercept: 4.5; 
slope: 0 


x-intercept: 0; y-intercept: 0; 

slope: —7 

domain: all real numbers; range: 

all real numbers; continuous; 

The graph is acurve. 

akon = 2, = 11,0), Il, 2 Se 

rannes ih, —S, —2, Il, ah 72 Ghserelie: 
The graph is individual points. 


9-16. See Additional Answers. 
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Which statement 1s true for the function whose graph is shown? (TESS A.2.A) 


CA) The domain is x < 0. 
The domain is x < —2. 
(©) The range is y < —2. 
@) The range is y > —2. 


You want to buy a jacket at a clothing store, and you can spend at most $30. You have a 
coupon for 10% off any item in the store. Which inequality describes the original prices 
p (in dollars) of jackets you can buy? (7TLAS A.5.B) 


&) p 227.27 @ p § 27.27 
@ p < 33.33 D p = 33.33 


GRIDDED ANSWER The graph shows 

the numbers of T-shirts and tank tops you 
can buy with the amount of money you 
have. Suppose you buy only T-shirts. 
What is the greatest number you can 
buy? (TEKS A.3.C) 


Shopping for T-Shirts and Tank Tops 


z 


Number of 
T-shirts 


0 2 4 6 8 10x 


Number of tank tops 


What is the solution of 3x + 24 = 18x — 5? (TEKS A.5.A) 
® x=8 x=2 
15 

Qo ® x=# 
The value of y varies directly with x. Which function represents the relationship between 
xand y if y = 2 when x = 60? (TEKS A.2.D) 

te . peli 
© y = 200% © yok 


DD y= 18x 
On the five science tests you have taken this semester, you received the following scores: 
75, 82, 90, 84, and 71. You want a mean score of at least 80 after you take the sixth test. 


Which inequality describes the scores s you can earn on your sixth test to meet your 
goal? (TEKS A.5.B} 


@ s> 76 @) s>78 
© 5278 DM s = 80 
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10. 


11. 


The number of hours of daylight in Austin, Texas, 
during the month of March can be modeled by the 
function £(x) = 0.03x + 11.5, where x is the day 
of the month. The number of hours of darkness can 
be modeled by d. The graphs of @ and d are shown. 
Which equation describes the relationship between 
£ and d? (TEKS A.3.E) 


C dx) =24- &@) 
@ (x) = 244+ da 
GD 0) = 12 - da) 
CG) none of the above 


Hours of Daylight and Darkness 


Time (hours) 


® 6 WW oA Be 
Day of month 


Solve the literal equation xy = 2z — 3y for y. (TEKS A.J2.E) 
i 22 
@ y= 3-22) VS 


2 
© y= 722-9) ® »y 


at 


2 


Il 


ie — 5g — 3) 


What is the slope of the line shown? (TEKS A.3.A) 


C809 


For which value of a does the solution of the compound inequality a < 3x + 8 ora<—4x — | 
consist of numbers greater than 5 or less than —6? (TEKS A.5.B) 


@ 16 19 

CO) DM) 26 

For the function f, f(—5) = 3, and f(3) = —2. If y = f(x). what is the value of y when 
x = 3? (TEKS A.12.B) 

os @Q 2 

WD 3 ® 5 
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a Te 
Mathematical Thinking 


Section 1 2 Days 
Section 2 

Section 3 

Section 4 

Quiz 

Section 5 

Section 6 

aie i 


Chapter Review/ 
Chapter Tests 


Total Chapter 4 


Year-to-Date 


Texas Essential 
Knowledge and Skills 
Summary 


Section | TEKS 


4) JRO RAC AOA 


4.2 A.2.B, A.2.C, A.3.A 


4.3 A.2.B, A.2.C, A3.A 


A2C, A.2E, A.2.F, A.2.G, 
) ABA 

5 | AAC 

= et —— 
(AAA, RAB AAC 
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Renewable Energy (p. 164) 


OLD FAITHFUL 
GEYSER 


Old Faithful Geyser (p. 196) 


| 
| 
=_a 


_ School Spirit (p. 170) 


i call ' Thinking: Mathematically proficient students can apply the mathematics they know to solve problems 
eer lay y life, so society, cue the workplace. 


For an overview of this chapter, formative assessment tips, and teaching strategies, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Maintaining Mathematical Proficiency 


Dynamic Assessment & Progress Monitoring Tool 


Using a Coordinate Plane (6.11) ___ Lesson Planning Tool . 


Example 1 What ordered pair corresponds to point A? URIS EISNER ALIKES oe FOUTS Library 


Dynamic Classroom with Dynamic Investigations 
Real-Life STEM Videos 


Texas Essential 
Knowledge and Skills 
6.11 The student applies mathematical 
process standards to use coordinate 
geometry to identify locations on a plane. 


The student is expected to graph points in 


Point A is 3 units to the left of the origin and 2 units up. So, the x-coordinate all four quadrants using ordered pairs of 
is —3 and the y-coordinate is 2. : 
rational numbers. 


> Thc ordered pair (—3, 2) corresponds to point A. | A.12.£ The student is expected to solve 
mathematic and scientific formulas, and 
Use the graph to answer the question. other literal equations, for a specified 
1. What ordered pair corresponds to point G? 2. What ordered pair corresponds to point D? variable. 
3. Which point is located in Quadrant I? 4, Which point is located in Quadrant IV? 
ANSWERS 
an : ‘Tea 5e 
Rewriting Equations (a.12.£) a) 
2. (2,0) 
Example 2 Solve the equation 3x — 2y = 8 for y. 3. C 
3x — 2y =8 Write the equation. 4. E 
Bae ay Si 3x Subtract 3x from each side. 5. y=-S+x 
—2y = 8 — 3x Simplify. 6. y=—-4-2x 
aay _ 8a 3x Divide each side by —2. 7, y=4x—5 
=) =—2 1 
8. a; Me a ap i 
Simplify. = — ; 
: 2 
Solve the equation for y. I yp = ae = II 
5. x-y=5 6. 6x+3y=-1 7. 0=2y- 8x + 10 11. Points in Quadrant I move to 


Quadrant II], points in Quadrant II 
move to Quadrant IV, points in 


11. ABSTRACT REASONING Both coordinates of the point (x, y) are multiplied by a negative q Quadrant IIT move to Quadrant I, 
number, How does this change the location of the point? Be sure to consider points originally | p and points in Quadrant IV move to 
located in all four quadrants, f Quadrant II 


8, -—x+4y —-28=0 CL 2rar Il = ee 10, y—4=3x + Sy 


Dynamic Solutions available at BigideasMath.com 


For suggestions on Maintaining Mathematical Proficiency in your classroom, 
see Laurie’s Notes at BigideasMath.com. 


Vocabulary. Review.. 


Have students make Notetaking Organizers for the following topics. 


¢ Identifying points in the coordinate plane 
e Rewriting equations 
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MONITORING PROGRESS . ; 
Mathematical | Mathematically proficient students use a problem-solving model that 


ANSWERS incorporates analyzing given information, formulating a plan or strategy, 


1. $9.40 per hour Thinking determining a solution, justifying the solution, and evaluating the 
2. 26.2 mi/gal problem-solving process and the reasonableness of the solutions. (A.1.B) 


3. about 8.8 h Problem-Solving Strategies 


© Core Concept 


Solve a Simpler Problem 


When solving a real-life problem, if the numbers in the problem seem 
complicated, then try solving a simpler form of the problem. After you have 
solved the simpler problem, look for a general strategy. Then apply that strategy 
to the original problem. 


PONV ieai § Using a Problem-Solving Strategy 


In the deli section of a grocery store, a half pound of sliced roast beef costs $3.19. 
You buy 1.81 pounds. How much do you pay? 


SOLUTION 
Step 1 Solve a simpler problem. 
Suppose the roast beef costs $3 per half pound, and you buy 2 pounds. 
$3 


Total cost = ——— « Use unit analysis to write a verbal model. 


Rewrite $3 per 5 pound as $6 per pound. 


Simplify. 
> In the simpler problem, you pay $12. 
Step 2 Apply the strategy to the original problem. 


$3.19 


+ 1.81 Ib Use unit analysis to write a verbal model. 
1/2 lb 


Total cost = 


= so * 1.8105 Rewrite $3.19 per 5 pound as $6.38 per pound. 


= $11.55 Simplify. 


> In the original problem, you pay $11.55. __{ Your answer is reasonable because : 
you bought about 2 pounds. 


Monitoring Progress 


. You work 374 hours and earn $352.50. What is your hourly wage? 


. You drive 1244.5 miles and use 47.5 gallons of gasoline. What is your car’s gas 
mileage (in miles per gallon)? 


. You drive 236 miles in 4.6 hours. At the same rate, how long will it take you to drive 
450 miles? 
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If students got it... 


Game Closet at BigideasMath.com 


i 


Lesson Tutorials Start the next Section 


Skills Review Handbook 
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Writing Equations in 


Slope-Interce pt Form Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Essential Question Given the graph of a linear function, how can 


TEXAS ESSENTIAL you write an equation of the hne? 
KNOWLEDGE AND SKILLS 


pe ike eNO Writing Equations in Slope-Intercept Form 


Interactive Whiteboard Lesson Library - 


Dynamic Classroom with Dynamic Investigations 


eva Work with a partner. = 
¢ Find the slope and y-intercept of each line. Texas Essential 
e Write an equation of each line in slope-intercept form. Knowledge and Skills 
e Use a graphing calculator to verify your equation. A.2.B The student is expected to write 
ek 3 b. linear equations in two variables in 
various forms, including y = mx + b, 
Ax + By =C, andy — y, = m(x — x,), 
given one point and the slope and given 
two points. 
A.2.C The student is expected to write 
¢. d. linear equations in two variables given 
a table of values, a graph, and a verbal 
EXPLAINING -d description. 
MATHEMATICAL A.3.A The student is expected to 
IDEAS : ae 
ere determine the slope of a line given a table 
To be proficient in math, : a 
ree tarontinely of values, a graph, two points on the line, 
interpret your results in and an equation written in various forms, 
eee ie including y = mx + b, Ax + By =C, and 
Studying mathematics is DRO) NNO) Mathematical Modeling ea = mx — ca 
to enable you to model Work with a partner. The graph shows the cost of a smartphone plan. 
and solve real-life 
problems. a. What is the y-intercept of the line? Smartphone Plan ANSWERS 
Interpret the y-intercept in the context cS % 1. a. slope is 2; y-intercept is —1; 
of the problem. £100 ae 
2E 20 y= x | 
. Approximate th ine. ee 2 : : 
b, Approximate the slope of the line ee b. slope is —1; y-intercept is 2; 
Interpret the slope in the context a25 40 
of the problem. B~ 20 eae 
rv) 0 Se : 
c. Write an equation that represents the @ BOD WOR TEGO 209 Ao es c. slope as y-intercept is 1; 
cost as a function of data usage. Data usage (megabytes) | y= ges I 
i d. slope is _ y-intercept is —2; 
Communicate Your Answer y=? 
3. Given the graph of a linear function, how can you write an equation of the line? 2. a 20; The base cost of the plan is 
4. Give an example of a graph of a linear function that is different from those above. $20 per month. 


Then use the graph to write an equation of the line. 


b. Sample answer; 0.03; Each 
megabyte of data costs $0.03 
to use. 


Section 4.1 Writing Equations in Slope-Intercept Form 161 e Sample anomes C= O0Ge = 20 


3-4. See Additional Answers. 


For a section overview and insights into this Exploration page, 
see Laurie's Notes at BigideasMath.com. 


SUPPORTING English Language Learners 


! As students work in pairs to complete the explorations and Intermediate/Advanced High Intermediate students ask Advanced 
~ Communicate Your Answer, circulate through the classroom and listen High students to help them discuss ideas they don’t understand, using 

_ to their conversations. Ask them to employ the following learning gestures and descriptive language when they don’t know a word or 

_ strategies. phrase. Advanced High students use synonyms or alternate phrases 


Beginning/Advanced Beginning students ask Advanced students to 
help them discuss ideas they don’t understand, using non-verbal cues 

such as pointing or tracing a figure when necessary. Advanced students = ELPS 1.D Speak using learning strategies such as requesting assistance, | 
use synonyms or alternate phrases to explain. Advanced students employing non-verbal cues, and using synonyms and circumlocution. | 
request help from teachers or classroom aides as needed. i 


——— 
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to explain. Advanced High students request help from teachers or 
classroom aides as needed. | 


Extra Example 1 4.1 Lesson What You Will Learn 


Write an equation of each line with the ; Write equations in slope-intercept form. 
given characteristics. : ® Use linear equations to solve real-life problems. 


; = 3 y-i =~ Gore Vocabulary. v3 ee 
Se epee alte Writing Equations in Slope-Intercept Form 


ed | linear model, p. 764 
b. slope = i. passes through (2, 3) | Previous CNV geai Using Slopes and y-Intercepts to Write Equations 
F 2 | slope-intercept form 
Vor Xx ar 2 function Write an equation of each line with the given characteristics. 
| rate 
ES a. slope = —3; y-intercept = 5 b. slope = 4; passes through (—2, 5) 
Extra Example 2 a sequins 
Hh all ae of the line in a.y=mxtb Write the slope-intercept form. 
slope-intercept form. 
y P y= 3x +3 Substitute —3 for m and + for b. 


1 


p> An equation is y = —3x + x 


b. Find the y-intercept. 


y=mt+b Write the slope-intercept form. 
5=4(-2)+b Substitute 4 for m, —2 for x, and 5 for y. 
13=6 Solve for b. 
Write an equation. 
y=mxt b Write the slope-intercept form. 
y= 4x4 13 Substitute 4 for m and 13 for b. 


P Anequation is y = 4x + 13. 


EXAMPLE 2 Using a Graph to Write an Equation ' 


Write an equation of the line in slope-intercept form. 


You can use any two SOLUTION 


points on a line to find Find the slope and y-intercept. 
| the slope. ~ 
a Let (,, ¥;) = (0, —3) and (%, y2) = (4, 3). 
Sh Fetes) oO 8! 


= 


Because the line crosses the y-axis at (0, —3), the y-intercept is —3. 


STUDY TIP 
| 
i 


he 


P So, the equation is y = 3x == Bh 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 
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EXAMPLE 3 Using Points to Write Equations 


Write an equation of each linc that passes through the given points. 
Bs (=s 9, ll) 


SOLUTION 


b. (0, —5), (8, 5) 


a. Find the slope and y-intercept. 


=i=5 
= ee 
LON (=3) 
Because the line crosses the y-axis 
at (0, —1), the y-intercept is —1. 


b. Find the slope and y-intercept. 


(eS) 
= Se 0) 

2 ea 

Because the line crosses the y-axis 

at (0, —5), the y-intercept is —5. 
REMEMBER 
If Fis a function and x is 
in its domain, then f(x) 
represents the output of 
f corresponding to the 
input x. 


P So, an equation is 


P So, an equation is 
= er lle 


y=-5. 


PDeNVideeeee Writing a Linear Function 


Write a linear function f with the values f(0) = 10 and f(6) = 34. 
SOLUTION 

Step 1 Write f(0) = 10 as (0. 10) and f(6) = 34 as (6, 34). 

Step 2 Find the slope of the line that passes through (0, 10) and (6, 34). 


_ 34-10 _ 24 
6-0 6° 


im 


or 4 


Step 3 Write an equation of the line. Because the line crosses the y-axis at 
(0, 10), the y-intercept is 10. 

y=mxt+b Write the slope-intercept form. 

y=4x-+ 10 Substitute 4 for m and 10 for b. 


P A function is f(x) = 4x + 10. 


Monitoring Progress a) Help in Engtish and Spanish at BigideasMath.com 
Write an equation of the line with the given characteristics. 
1. slope = 7; y-intercept = 2 2. slope = A passes through (6, 1) 


Write an equation of the line in slope-intercept form. 


5. Write an equation of the line that passes through (0, —2) and (4, 10). 
6. Write a linear function g with the values g(0) = 9 and 9(8) = 7. 
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Differentiated Instruction 


Organization 


Have students make and complete a table to describe the methods shown in this section for writing 
equations in slope-intercept form. 


What I Know 


How to Find Slope | How to Find y-Intercept 


Extra Example 3 


Write an equation of each line that passes 
through the given points. 


a, (0, —6), 3, 9) y= 5x — 6 
b. (4,-1), (0,2) y= —2x+2 


Extra Example 4 


Write a linear function f with the values 
(Ch = Gl eyivel tas) = (3h, fe) abe al 


MONITORING PROGRESS 
ANSWERS 


Ie See ae 2 
2. yaar 

3. y=axtl 
4. y=—2x-1 
So VS se 2 

6. gx) = —px +9 
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Extra Example 5 

In 2000, the average cost for college 
tuition in the United States was about 
$14,000. In 2010, the cost was about 
$18,000. Write a linear model that 
represents the cost of tuition as a function 
of the number of years since 2000. Use the 
model to predict the cost in 2020. Let x 
represent the number of years since 2000 
and let y represent the cost. The linear 
model is y = 400x + 14,000. The model 
predicts tuition will cost about $22,000 

in 2020. 


MONITORING PROGRESS 


ANSWER 
7. y=5.8x + 248 
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Closure 


ae 


Solving Real-Life Problems 


r model is a linear function that models a real-life situation. When a quantity y 
changes at a constant rate with respect to a quantity x, you can use the equation 
y = mx + b to model the relationship. The value of m is the constant rate of change, 
and the value of b is the initial, or starting, value of y. 


Pe\Vigesem Modeling with Mathematics 


Excluding hydropower, U.S. power plants used renewable energy sources to generate 
105 million megawatt hours of electricity in 2007. By 2012, the amount of electricity 
generated had increased to 219 million megawatt hours. Write a linear model that 

| represents the number of megawatt hours generated by non-hydropower renewable 

/ energy sources as a function of the number of years since 2007. Use the model to 

| predict the number of megawatt hours that will be generated in 2017. 


SOLUTION 


1. Understand the Problem You know the amounts of electricity generated in two 
distinct years. You are asked to write a linear model that represents the amount of 
electricity generated each year since 2007 and then predict a future amount. 


{ 2. Makea Plan Break the problem into parts and solve each part. Then combine the 
results to help you solve the original problem. 
Part 1 Define the variables. Find the initial value and the rate of change. 
Part 2 Write a linear model and predict the amount in 2017. 
3. Solve the Problem 


Part 1 Let x represent the time (in years) since 2007 and let y represent the 
number of megawatt hours (in millions). Because time x is defined in 
years since 2007, 2007 corresponds to .x = 0 and 2012 corresponds to 
x = 5. Let (x, y,) = (0, 105) and (x5, y2) = (5, 219). The initial value 
is the y-intercept b, which is 105. The rate of change is the slope m. 


Y= ny, BI = Noes 


eas: 5 0 5 . 
Part 2 Megawatt hours _ Initial an Rate of | Years . 
(millions) value change since 2007 
y = Jd) se Ae 6 yy 
y = 105 + 22.8x Write the equation. 
( 2017 corresponds to x = 10. je» y = 105 + 22.8(10) Substitute 10 for x. 
_ y = 333 simplify 


> The linear model is y = 22.8x + 105. The model predicts non-hydropower 
renewable energy sources will generate 333 million megawatt hours in 2017. 


4. Look Back To check that your model is correct, verify that (0, 105) and (5, 219) 
are solutions of the equation. 


Monitoring Progress a) Help in English and Spanish at BigideasMath.com 


7. The corresponding data for electricity generated by hydropower are 248 million 
megawatt hours in 2007 and 277 million megawatt hours in 2012. Write a linear 
model that represents the number of megawatt hours generated by hydropower as 
a function of the number of years since 2007. 


Writing Linear Functions 


e Writing Prompt: For a line that has been graphed in a coordinate plane, you can write the 
equation by ... finding the slope and y-intercept. 


4.1 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


ASSIGNMENT 
1. COMPLETE THE SENTENCE A linear function that models a real-life situation is called a : Basic: 1, 2, 3-23 odd, 27, 29. 34. 36 
2. WRITING Explain how you can use slope-intercept form to write an equation of a line given its 38-43 
slope and y-intercept. 
af i . Average: 1, 2-28 even, 29, 30, 34, 36, 
38-43 
Monitoring Progress and Modeling with Mathematics Advanced: 1, 2, 6-12 even, 16, 18, 
In Exercises 3-8, write an equation of the line with the In Exercises 19-24, write a linear function f with the BUEN LE 
given characteristics. (See Example I.) given values. (See Example 4.) HOMEWORK CHECK 
3. slope: 2 4. slope: 0 19. f(0) = 2, f(2) =4 20. f(0) = 7, f(3) = 1 A 
y-intercept: 9 passes through: (--3, 5) Basic: 3), ili 13, 19, 29 
i AEN 3) AD) , 
Sy slopes —3 (% slopes —7/ Average: 6, 12, 14, 20, 29 
passes through: (2, —6) y-intercept: 1 2, ASN = =O) = 5 Advanced: 8, 12, 18, 24, 30 
7. slope: 2 8. slope: —3 23. f(—2) = 6. f(0) = —4 
y-intercept: —8 passes through: (—8, 0) 
24. f(0) = 3, f(—6) = 3 ANSWERS 


In Exercises 9-I2, write an equation of the line in ; 
1. linear model 


slope-intercept form. (See Example 2.) In Exercises 25 and 26, write a linear function f with the A 
5 given values. 2. Substitute the slope for m and 
25. the y-intercept for b in the 
slope-intercept form. 
3. y=2x4+9 
4. y=5 
ae ys 3h 
27. ERROR ANALYSIS Describe and correct the error in 6. y —7Tx+1 
writing an equation of the line with a slope of 2 and a 7 oN 8 
y-intercept of 7. i) een 
ae 
ye 0 
xK yee 9. y=ix+2 
: 1 
NO aes 
28. ERROR ANALYSIS Describe and correct the error in 4 
writing an equation of the line shown. ll. y= 3x 
I, y= De = 2 
x slope = 1—4 8% sy see se 1G) 
In Exercises 13-18, write an equation of the line that P C= 5 
passes through the given points. (See Example 3.) “3 3 14. y=6x—5 
13. (3, 1), (0, 10) 14. (2,7), (0, -5) ~=5 5 iS y= 4 
é oe 16. y= —4x — 24 
WS 1, 2, UO, 25) 16 (S650) S(O 4) yx 2 
2 17. y=ixt5 
17. a ( leaa Il Us (0) 3), (=, 2S 
(0, 5), ( ) (0, 3), ( ) 18. y=irt3 
Section 4.1. — Writing Equations in Slope-Intercept Form 165 19, fo) =x+2 


20. f(x) = -2x +7 
21. fx) =-p-2 


28. The x-coordinates and y-coordinates 22. f(ix)= ax a) 
were not substituted in the same order in 23. f(x) = —5x -4 
the slope formula; slope = = = -2, 24. f(x) =3 

3 236 jlGo) = 2 =P Il 
y= -pxt+4 ; ; 
5 26. fx) = 3x 


27. The slope and the y-intercept were 
substituted incorrectly; 
WS ear 7 
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29. MODELING WITH MATHEMATICS In 1960, the world 34. MAKING AN ARGUMENT Your friend claims that 
record for the men’s mile was 3.91 minutes. In 1980, given f(0) and any other value of a linear function 
the record time was 3.81 minutes. (See Example 5.) f, you can write an equation in slope-intercept form 

that represents the function. Your cousin disagrees, 


claiming that the two points could lie on a vertical 
record (in minutes) for the men’s mile as a line. Who is correct? Explain. 


function of the number of years since 1960. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! a. Write a linear model that represents the world 


Interactive Whiteboard Lesson Library 

Dynamic Classroom with Dynamic Investigations 35. ANALYZING A GRAPH 
Line @ is a reflection in 
the x-axis of line k. Write 


b. Use the model to estimate the record time in 2000 
and predict the record time in 2020. 


ANSWERS 
29, a. y = —0.0057 + 3.91 
b. 3.71 min; 3.61 min 
alk 4 (6 = (Sis? SO 
b. software program; Sample 
answer. The total cost for 
12 hours of recording time is 


$950, which is more than the cost 
of the software program. 


30. MODELING WITH MATHEMATICS A recording studio a ea MG ESOUS 
charges musicians an initial fee of $50 to record an ES: 
album. Studio time costs an additional $75 per hour. 


a. Write a linear model that represents the total cost 
of recording an album as a function of studio time 
(in hours). 


36. HOW DO YOU SEE IT? The graph shows the 
approximate U.S. box office revenues (in billions of 
dollars) from 2000 to 2012, where x = 0 represents 
the year 2000. 


b. Is it less expensive to 
purchase 12 hours of 
recording time at the 
studio or a $750 music 
software program that 
you can use to record 
on your own computer? 
Explain. 


U.S. Box Office Revenue 


31. no; Because the x-coordinates are the 
same, the line is vertical and has an 
undefined slope. 


31. WRITING A line passes through the points (0, ~ 2) 
and (0, 5). Is it possible to write an equation of the 
line in slope-intercept form? Justify your answer. 


32. Sample answer: Jet ski rental costs 
$20 for one hour and $15 for each 
additional hour. 


33-43. See Additional Answers. 


= 
a 


Revenue (billions 
of dollars) 


o 


32. THOUGHT PROVOKING 
Describe a real-life situation 
involving a linear function 
whose graph passes through 


0 2 4 6 8 1012x 
Year (0 © 2000) 


a. Estimate the slope and y-intercept of the graph. 


b. Interpret your answers in part (a) in the context 


Mini-Assessment the points. 
of the problem. ; 
| 1. Write an equation of the line with a c. How can ee use your answers in part (a) to 
: predict the U.S. box office revenue in 2018? 
| slope of —2 and y-intercept of 3. 2 - meee 
ie se 
37. ABSTRACT REASONING Show that the equation 
. Write an equation of the line in 33. REASONING Recall that the standard form of a linear of the line that passes through the points (0, b) and 
F ion is Ax + By=C. ‘i i ion i 1, b + m) is y = mx + b. Explain how you can be 
slone-intercept form. equation is Ax + By = C. Rewrite this equation in ( vee 
P P slope-intercept form. Use your answer to find the sure that the point (~1, 6 — m) also Hes on the line. 
slope and y-intercept of the graph of the equation 
—6x + Sy = 9. 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and fessons 


Solve the equation. (Section /.3) 


38. 3(¢— 15)=x411 39. 203d + 3)=7+ 6d 40. —5(4 — 3n) = 10(n — 2) 


Determine whether x and y show direct variation. If so, identify the constant of 
variation. (Section 3.6) 


4 
f= 1 41. y+ 6r=0 42. 2y+5x=4 43. 4yt+x—-3=3 


. Write an equation of the line that 
passes through the points (0, —5) 
and (4,7). y= 3x-5 


. Write a linear function f with the 
values f(0) = 6 and f(4) = —6. 
f(x) = —3x + 6 


. In 2006, a company had sales of 
$10 million. In 2011, sales were 
$12.5 million. Write a linear model 
that represents the company’s sales 
as a function of the number of 
years since 2006. Use the model to 
predict the sales in 2021. The linear 
model is y = 0.5x + 10. The model 
predicts sales will be $17.5 million 
in 2021. 
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if students need help... if students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time e Cumulative Review 


Student Journal 
@ Practice 


Start the next Section 


Differentiating the Lesson | 
Skills Review Handbook 
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Writing Equations in 


Point-Slope Form 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A2.B 


A2.C 
A3.A 


USING 
TECHNOLOGY 


To be proficient in math, 
you need to understand 
the feasibility, 
appropriateness, and 
limitations of the 
technological tools at 
your disposal. For 
instance, in real-life 
situations such as the one 
given in Exploration 3, it 
may not be feasible to use 
a square viewing window 
on a graphing calculator. 


Essential Question How can you write an equation of a line when 


you are given the slope and a point on the line? 


EXPLORATION 1. Writing Equations of Lines 


Work with a partner. a 
* Sketch the line that has the given slope and passes through the given point. 
e Find the y-intercept of the line. 
e Write an equation of the line. 


ams bo m= -2 


Nie 


Sake See Writing a Formula 


Work with a partner. 


The point (x;, y,) is a given point on a nonvertical 
line. The point (x, y) is any other point on the line. 
Write an equation that represents the slope m of 

the line. Then rewrite this equation by multiplying 
each side by the difference of the x-coordinates to 


obtain the point-slope form of a linear equation. 


Sate VNile EM Writing an Equation 


Work with a partner. Ir Savings Account 
For four months, you have saved $25 per month. Fi mi : 
You now have $175 in your savings account. = 250 | 
& 
: oY 20 
a. Use your result from Exploration 2 to Se a 
write an equation that represents the =e i} ia 
Ss 
balance A after ¢ months. Or - 
uw 
b. Use a graphing calculator to verify st — 
: GO’ 2245 6 7% 
meses Time (months) 


Communicate Your Answer 


4. How can you write an equation of a line when you are given the slope 
and a point on the line? 


5. Give an example of how to write an equation of a line when you are 
given the slope and a point on the line. Your example should be different 
from those above. 


Section 4.2 Writing Equations in Point-Slope Form 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


=Jo My y = = 
2. m =e ees 5) 


3. a. A =25t+ 75 


b. Check students’ work. 


4. Substitute the slope for m and the 
coordinates of the point for x, and y, in 


y= yy = ee — 5G). 


5. Sample answer: An equation of the line that 
passes through the point (2, —9) and has a 
slope of —3is y + 9 = —3(x — 2). 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library. 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
+9 Knowledge and Skills 
A.2.B The student is expected to write 
linear equations in two variables in 
various forms, including y = mx + b, 
Ax + By =C, andy — y, = m(x — x,), 
given one point and the slope and given 
two points. 


A.2.C The student is expected to write 
linear equations in two variables given 

a table of values, a graph, and a verbal 
description. 


A.3.A The student is expected to 
determine the slope of a line given a table 
of values, a graph, two points on the line, 
and an equation written in various forms, 
including y = mx + b, Ax + By = C, and 
Li m(x — Ky: 


ANSWERS 
leeeas 


2 


Sa Oy eX 


mH NW hu Hs 
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Extra Example 1 

Identify the slope of the line 

y — 3 = A(x + 1). Then identify a point 
the line passes through. The slope of the 
line is 4, and the line passes through the 
point (—1, 3). 


Extra Example 2 

Write an equation in point-slope form 
of the line that passes through the point 
(1, 6) and has a slope of =|, 
y-6= —3(x =} 


For classroom suggestions on 
teaching this lesson, see Laurie’s 
Notes at BigideasMath.com. 
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Core Vocabulary. 


| point-slope form, p. 168 


Previous 
slope-intercept form 
function 

linear model 

rate 


| ee ona 


What You Will Learn 


» Write an equation of a line given its slope and a point on the line. 
P» Write an equation of a line given two points on the line. 
pP Use linear equations to solve real-life problems. 


Writing Equations of Lines in Point-Slope Form 


Given a point on a line and the slope of the line, you can write an equation of the line. 
Consider the line that passes through (2, 3) and has a slope of 7 Let (x, y) be another 
point on the line where x # 2. You can write an equation relating x and y using the 
slope formula with (4, y,) = (2, 3) and (x9, y)) = (, y). 


m= 2m Write the slope formula. 
ae 
eS : 
a =o Substitute values. 
st a) Multiply each side by (x — 2). 


The equation in point-slope form is y — 3 = 5 DN 


G Core Concept 
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English Language Learners 


} 
Labels 
_ Explain to students that the name 


_ given equations using this format. 


| 


“point-slope form” relates to the information shown in the 
- equation. Have students use colors to label and practice identifying the point and the slope when 


= 


Point-Slope Form 
Words 


A linear equation written in the form 


y — y; = m( — x) is in point-slope form. 
The line passes through the point (x, y,), 
and the slope of the line is m. 


passes through (x;, 1) 
Algebra y— y, = m(x— x)) 
(eo Gere) 


“EXAMPLE 1 Using Point-Slope Form : 


Identify the slope of the line y + 2 = —3(x — 2). Then identify a point the line passes 
through. 


SOLUTION 


The equation is written in point-slope form, y — y, = m(x — x,), where m = —3, 
Xe = 2, LY, SS, 


P So, the slope of the line is —3, and the line passes through the point (2, —2). 


EXAMPLE 2 Using a Slope and a Point to Write an Equation 


Write an equation in point-slope form of the line that passes through the point (8, 3) 
and has a slope of i. 


SOLUTION 
SS es — 35) 


=3 
ae i ee) 


Write the point-slope form. 


Substitute ; for m, 8 for x,, and 3 for y;. 


> The equation is y — 3 = Gs = 8); 


Writing Linear Functions 


slope 


y — 5 = 2x — 1) 


point (1, 5) 


ANOTHER WAY 


You can use either of the 
given points to write an 
equation of the line. 


Use m = —2 and (3, —2). 
Y= (2) = =a = 3) 
or = Sess {9 
y=-2x+4 
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1. Identify the slope of the line y — ; = —2(x = a). Then identify a point the line 
passes through. 


Write an equation in point-slope form of the line that passes through the given 
point and has the given slope. 


2. (33, -lI); nt = -2 3. (4,0); m= = 


Writing Equations of Lines Given Two Points 


When you are given two points on a line, you can write an equation of the line using 
the following steps. 


Step 1 Find the slope of the line. 


Step 2 Use the slope and one of the points to write an equation of the line in 
point-slope form. 


EXAMPLE 3 Using Two Points to Write an Equation 


Write an equation in slope-intercept form of the line shown. 


SOLUTION 
Step 1 Find the slope of the line. 
See ee 
phe —— —2? 
WwW 7= i 2 or 


Step 2 Use the slope m = —2 and the point (1, 2) to write 
an equation of the line. 


YS) = rae — 3) Write the point-slope form. 
Vie eee (al) Substitute —2 for m,1 for x,, and 2 for y;. 
yo eee 2 Distributive Property 

y=-2x+4 Write in slope-intercept form. 


P The equation is y = —2x + 4. 


EXAMPLE 4 Writing a Linear Function 


Write a linear function f with the values f(4) = —2 and f(12) = 10. 


SOLUTION 
Note that you can rewrite f(4) = —2 as (4, —2) and f(12) = 10 as (12, 10). 
Step 1 Find the slope of the line that passes through (4, —2) and (12. 10). 


SUSE ye 
=a goons 


Step 2 Use the slope m = 1.5 and the point (12, 10) to write an equation of the line. 


m 


yy, =m — x) Write the point-slope form. 
y— 10 = 1.5(@ — 12) Substitute 1.5 for m, 12 for x,, and 10 for y,. 


y= ie = 8 Write in slope-intercept form. 


P A function is f(x) = 1.5x - 8. 
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Extra Example 3 
Write an equation in slope-intercept form 
of the line shown. 


y=2x-2 


Extra Example 4 

Write a linear function f with the values 
f(8) = —1 and f(6) = 0. 

f(x) = —0.5x + 3 


MONITORING PROGRESS 
ANSWERS 


1. —2; Sample answer: (2, 4) 
in Woe || = — Doe 3) 
3. y= Hx - 4) 
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Extra Example 5 

The table shows the fuel efficiencies of 

a vehicle at different speeds. Can the 
situation be modeled by a linear equation? 
Explain. If possible, write a linear model 
that represents the miles per gallon as a 
function of the miles per hour. 


Miles per 
hour, x 


Miles per 


ea ete 23.7 
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Write an equation in slope-intercept form of the line that passes through the 
given points. 


4. (1, 4), (3, 10) 5, (4, =i, (8, =O 


Write a linear function g with the given values. 


th Al) = AQ) = = 


G HO) =o, 40) = 3 


Solving Real-Life Problems 


EXAMPLE 5 Modeling with Mathematics 


gallon, y - 


The data cannot be modeled by a linear 
equation, because y does not decrease 
at a constant rate. 


MONITORING PROGRESS 


ANSWERS 
y=3x+1 


y= —ix = 

a(x) = x ap 2 

Co) = —Biear S 

yes; The total cost increases at a 


SIAM S 


7 The student council is ordering customized foam hands to promote schoo] spirit. 
The table shows the cost of ordering different numbers of foam hands. Can the 
situation be modeled by a linear equation? Explain. If possible, write a linear model 
that represents the cost as a function of the number of foam hands. 


| 
| 


[ ee i 
| Number of | 
amram “| 6 | ® | Oi 
Cost (dollars) 34 | 46 | 58 | 70 | 82 
SOLUTION 
Step 1 Find the rate of change for consecutive data pairs in the table. 
AG SSA ey Shad 2 710 58 = B2i Oe 
6-4 =o “10 = “WE = 10) 


Because the rate of change is constant, the data are linear. So, use the 
point-slope form to write an equation that represents the data. 


constant rate; C = 42n + 50 


Step 2 Use the constant rate of change (slope) m = 6 and the data pair (4, 34) 


to write an equation. Let C be the cost (in dollars) and n be the number 
of foam hands. 


Oy Sree thy) 
C— 34 = 6(n — 4) 
C=6n + 10 


Write the point-slope form. 
Substitute 6 for m, 4 for n,, and 34 for C,. 


Write in slope-intercept form. 


> Because the cost increases at a constant rate, the situation can be modeled 
by a linear equation. The linear model is C = 6n + 10. 


Number | Total cost 
| of months (dollars) r P of 
et t 3 176 | Monitoring Progress ‘ ) Help in English and Spanish at BigideasMath.com 
Closure f 6 302 8. You pay an installation fee and a monthly fee for Internet service. The table 
| 9 428 shows the total cost for different numbers of months. Can the situation be 
> Exit Ticket: White aneduation rs modeled by a linear equation? Explain. If possible, write a linear model that 
: - ql ino 12 — 554 ii represents the total cost as a function of the number of months. 
of the line with a slope of 2 that fe 
passes through the point (—1, 4) 
in point-slope form and 
slope-intercept form. 170 Chapter 4 Writing Linear Functions 


y—-4=2x + iy = 2x +6 


SUPPORTING English Language Learners 


Read aloud the first sentence of Example 5. Point to the photo and ask 
students what they think customized foam hands means. Explain that 
customized means specially made. Read the first sentence of Monitoring 
Progress Question 8. Ask if they know what a fee is, and explain that 

it is the cost or price. Ask if they know the difference between an 
installation fee and a monthly fee. Explain that they may be able to 
guess by looking at parts of the words that they may already know 
(install, month). 
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Beginning Repeat the phrases modeled by the teacher. 
Intermediate Share experiences where students have seen foam 
hands and describe how they were customized. (sporting events with 
team logos) 

Advanced/Advanced High Share other types of installation fees 
and monthly fees they may know about. (telephone, wireless, cable TV) 


ELPS 2.C.2 Learn new expressions heard during classroom instruction 
and interactions. 


4. 2 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 
Homework Check 
Vocabulary and Core Concept Check 


. USING STRUCTURE Without simplifying, identify the slope of the line given by the equation 
y — 5 = —2(x + 5). Then identify one point on the line. 


ASSIGNMENT 
Basic: 1, 2, 3-37 odd, 42, 45-48 
Average: 1, 2-38 even, 42, 44—48 


- WRITING Explain how you can use the slope formula to write an equation of the line that passes 


through (3, —2) and has a slope of 4. oe Advanced: 1, 2, 12-16 even, 22, 24, 
30, 34-48 

Monitoring Progress and Modeling with Mathematics HOMEWORK CHECK 
on Exercises oe identify the slope of the nO Then Me 6, =). G, =I I, (3,9), —S) Basic: 3, i. 15, 25), Bi 
aca the line passes through. (See Exaniple J.) Siete ee Average: 4, 14, 22, 30, 38 

3. y- 4=207-9 4. y-1=-6(x-3 NS ares eS ea 

St ee : ee Advanced: 12, 16, 30, 34, 38 
5. y-10= —8(x a | 6. yt+6= 3 In Exercises 25-30, write a linear function f with the 
: 3 : F 


given values. (See Example 4.) 


In Exercises 7-14, write an equation in point-slope form 25. f(2) = —2,f(1) = 1 26. #(5) = 7, f(—2) = 0 


of the line that passes through the given point and has ANSWERS 
the given slope. (See Example 2. 27. f(-4) = 2, f(6) = -3 poe f(-10) = 4, f(-2) =4 ! Th =F (=5; 5) 
i, ©,Vem=2 8, Gem = il 2. Substitute 4 for m, 3 for x,, and —2 


29. f(-3)=1,f03)=5 30. f(—9) = 10, f(-1) = -2 : ce: 
eae a Ane for y, in the slope formula, eliminate 


9. (7,-4);m= -6 1, (=G, =2 RSs ; : 
‘ ye ‘ pe In Exercises 31-34, tell whether the data in the the subscripts for the second point, 
i ©@,Opa= =? 12. (0,2);m=4 table can be modeled by a linear equation. Explain. and solve for y. 
If possible, write a linear equation that represents y on a 
(6 Gere 14 Gee as a function of x. (See Example 5.) 3 3 Sample answer: (9, 4) 
: ° 31. [oT 4. —6; Sample answer: (3, 1) 
In Exercises 15-18, write an equation in slope-intercept =| 2 5. —8: Sample answer: (3 10) 
form of the line shown. (See Example 3.) y =y i : : 4? 
Ge 6. = Sample answer: (0, —6) 
>: : 
32 = i = SG 
y 16 8 Dare 5= = (0G ant 3) 
1, spar 4 = S(Ge = 7) 
3. fa 
x 10. y+ 2=S(x+ 8) 
7 0 ij —2o = 9) 
1 ie 12 yd Ay 
oe rnd 13. y-6=27 + 6) 
4 2 ; 
a 
14. y+ 12 = —Hx—5) 
35. ERROR ANALYSIS Describe and correct the error in 15. y= 2x—5 
writing an equation of the line that passes through the 
: 16. y=-x-4 
point (1, —5) and has a slope of —2. 
In Exercises 19-24, write an equation in slope-intercept 17. y= ee i 
form of the line that passes through the given points. & 2 
Yq = {x ~ xy) 18. y=2x-2 
UL 1, Bh 2, We) PAM, (0, = 2), (CI, 1} | v= a 
y— 5 2a 19. y= —2x+ 16 
20. y=ixn-5 
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23 VS =o 
33. yes; y increases at a constant rate; MY, y= —2x + 16 
y=0.2x + 1.2 25. f(x) = —3x+ 4 
34. no; y does not decrease at a constant rate. 26. f(x) =x4+ 
35. The value substituted for y, was 5 instead 27. f(x) = ix 
Ol —Se ya 5 = =—Ae=— i) 28. f(x) = 
29. f)=yxti 
30. fx) = —jx-F 
31. no; y does not increase at a constant 
rate. 


32. yes, y decreases at a constant rate; 
y= he 3° o 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

36. The coordinates substituted into the 
point-slope form were not from the 
same point; y — 2 = $x = or 
y-3=30-4) 


37-48. See Additional Answers. 


Mini-Assessment 


1. Identify the slope of the line 
y +6 = —3(x + 2). Then identify 
a point the line passes through. 
slope —3, point (—2, —6) 

2. Write an equation in point-slope 
form of the line that passes through 
the point (3, —5) and has a slope 
of2, yt 5—2(% = 3) 

3. Write an equation in slope-intercept 
form of the line shown. 


y= =x = 3 

4. Write a linear function f with the 
values f(1) = 1 and f(—3) = 17. 
Ge) = =dlye te S 


5. To ride in a taxi, you pay a start 
fee and a mileage fee. The table 
shows the total cost of a taxi ride 
for different distances. Can the 
situation be modeled by a linear 
equation? Explain. If possible, write 
a linear model that represents the 
cost as a function of the number 
of miles. 


Distance 
(miles) 


Cost 
(dollars) 


Yes, the cost increases ata 
constant rate; C = 2.5d + 3 
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If students need help... 


36. ERROR ANALYSIS Describe and correct the error in 
writing an equation of the line that passes through the 
points (1, 2) and (4, 3). 


y~2=3(x- 4) 


37. MODELING WITH MATHEMATICS You are designing 
a sticker to advertise your band. A company charges 
$225 for the first 1000 stickers and $80 for each 
additional 1000 stickers. 


a. Write an equation that represents the total cost 
(in dollars) of the stickers as a function of the 
number (in thousands) of stickers ordered. 


b. Find the total cost of 9000 stickers. 


38. MODELING WITH MATHEMATICS You pay a 
processing fee and a daily fee to rent a beach house. 
The table shows the total cost of renting the beach 
house for different numbers of days. 


Days 


[ Olas | 8 
Total cost (dollars) [ 246 | 450 | 654 Tass 


a. Can the situation be modeled by a linear equation? 
Explain. 


b. What is the processing fee? the daily fee? 


¢. You can spend no more than $1200 on the beach 
house rental. What is the maximum number of 
days you can rent the beach house? 


shel, WRITING Describe two ways to graph the equation 
y= = gee 4), 


40. THOUGHT PROVOKING The graph of a linear 
function passes through the point (12, —5) and has a 


slope of a Represent this function in two other ways. 


41. REASONING You are writing an equation of the line 
that passes through two points that are not on the 
y-axis. Would you use slope-intercept form or 
point-slope form to write the equation? Explain. 


42. 


43. 


44. 


HOW DO YOU SEE IT? The graph shows two paints 
that lie on the graph of a linear function. 


a. Does the y-intercept of the graph of the linear 
function appear to be positive or negative? 
Explain. 


b. Estimate the coordinates of the two points. How 
can you use your estimates to confirm your answer | 
in part (a)? 


CONNECTION TO TRANSFORMATIONS Compare the 
graph of y = 2x to the graph of y — 1 = 2(@@ + 3). 
Make a conjecture about the graphs of y = mx and 
P(e vdes = 10), 


COMPARING FUNCTIONS Three siblings each 
receive money for a holiday and then spend it at a 
constant weekly rate. The graph describes Sibling A’s 
spending, the table describes Sibling B’s spending, 
and the equation y = —22.5x + 90 describes 

Sibling C’s spending. The variable y represents the 
amount of money left after x weeks. 


Spending Money Week, | Money 

y x left, y 
Sq 2 f $100 
> 60 
2 3 A 2 $75 
i a) 3 $50 

e 4 $25 

ak 


a. Which sibling received the most money? 
the least money? 


b. Which sibling spends money at the fastest rate? 
the slowest rate? 


c. Which sibling runs out of money first? last? 


Ma inta ining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Use intercepts to graph the linear equation. 


45. —4x+ 2y = 16 


46. 3x+ 5y= -15 


(Section 3.4) 


47. x — 6y = 24 
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Writing Linear Functions 


Resources by Chapter 
© Practice A and Practice B 
e Puzzle Time 


If students got it... 

Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 


= Sr a rote ee ee 


Student Journal 
e Practice 


Start the next Section 


es bee a 


Differentiating the Lesson 
Skills Review Handbook 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


A.2.B 
AC 
A3.A 


MAKING 
MATHEMATICAL 
ARGUMENTS 


To be proficient in math, 
you need to justify 

your conclusions and 
communicate them 

to others. 


complete the explorations. 


| SUPPORTING English Language Learners 


Read aloud the Essential Question. Have students work in pairs of mixed language abilities to 


Writing Equations in Standard Form 


Essential Question How can you write the equation of a line in 


standard form? 


SCR VMCEM Writing Equations in Standard Form 


Work with a partner. So far you have written equations of lines in slope-intercept 
form and point-slope form. Linear equatigns can also be written in standard form, 


Ax + By = C. Write each equation in standard form. 
ay on 5 The equation is in slope-intercept form. 


TR Lai Subtract 3x from each side. 


The equation in standardformis ===, 


bo y—-4= —-2@@ + 6) The equation is in slope-intercept form. 


lr i « 


Distributive Property 
bb eee Add 2x to each side. 
, Ter Add 4 to each side. 

The equation in standard formis = 
ce y=4x4+2 d. y= —-x-7 


f. y +8 = —4(x — 3) 


EXPLORATION 2 Finding the Slope and y-Intercept 


Work with a partner. The slope and y-intercept of a line are not explicitly known 
from a linear equation written in standard form. Find the slope and y-intercept of the 
line represented by each equation. 


eny — asa 4) 


By Toke a Sy 15) The equation is in standard form. 


seat | eee Add 6x to each side. 


, Md or oocmiieee Divide each side by 3. 


The slopeis =, and the y-interceptis 


b. 5x — 10y = —40 c. —6x ~ 8y = 56 


Communicate Your Answer 


3. How can you write the equation of a line in standard form? 


4. How can you find the slope and y-intercept of a line given the equation of the 
line in standard form? 


5. Consider the graph of Ax + By = C. 


a. Does changing the value of A change the slope? Does changing the value 
of B change the slope? Explain your reasoning. 


b. Does changing the value of A change the y-intercept? Does changing the 
value of B change the y-intercept? Explain your reasoning. 
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| Beginning/Advanced Advanced students read aloud the instructions and help Beginning 
students by providing alternate language when necessary. Then they work together to complete 
the explorations. Beginning students read aloud the red side comments. if needed, Advanced 
students model the pronunciations by reading the side comments aloud. 
Intermediate/Advanced High Advanced High students read aloud the instructions and guide 
the explorations. Intermediate students read aloud and paraphrase the red side comments. 


ELPS 3.B.3 Expand and internalize initial English vocabulary by learning and using routine 
language needed for classroom communication. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
+9 Knowledge and Skills 
A.2.B The student is expected to write 
linear equations in two variables in 
various forms, including y = mx + b, 
Ax + By = C, andy — y, = m(x — x,), 
given one point and the slope and given 
two points. 


A.2.C The student is expected to write 
linear equations in two variables given 

a table of values, a graph, and a verbal 
description. 


A.3.A The student is expected to 
determine the slope of a line given a table 
of values, a graph, two points on the line, 
and an equation written in various forms, 
including y = mx + b, Ax + By = C, and 
y— y= mlx — x). 


ANSWERS 
ly By jp = See = —S3 Sesh y= = 5 
[Ds pad Spe jee 
Va 4a 2 — 12: 
War 2 = tee ese iy = 0) 
( Sake ae jp = 2 


a ya 
(by a> yy ls} 
f. 4x+y=4 


Sy = Or — lg iy = Br S228 =5 
b. slope: i y-intercept: 4 


c. slope: 3, y-intercept: —7 
3. Write the equation in the form 
Ax + By =C. 
4. Rewrite the equation in 
slope-intercept form. 


5. a. yes; yes; Changing the value of 
A changes the numerator of the 
slope and changing the value 
of B changes the denominator of 
the slope. 


b. no; yes; The y-intercept is only 
affected by the values of B and C 
because the y-intercept is given 


| 
| 


For a section overview and insights 
into this Exploration page, see 


] Laurie’s Notes at BigideasMath.com. 
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Extra Example 1 


Write two equations in standard form that 
are equivalent to —3x + 6y = 12. Sample 
answers: —x + dy = 4; —6x + 12y = 24 


Extra Example 2 


Write an equation in standard form of the 


line shown. 


x—-4y=-4 


MONITORING PROGRESS 
ANSWERS 


1. Sample answer: 2x — 2y = 6, 


1 Ee 
a 


2. -2x+y=-7 
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Gore Vocabulary. 


Previous 

standard form 
equivalent equation 
point-slope form 


REMEMBER 


You can produce an 
equivalent equation by 
multiplying or dividing 
each side of an equation 
by the same nonzero 
number. 


ANOTHER WAY 


You can use either of the 
given points to write an 
equation of the line. 


Use m = —3 and (2, —2). 
y= 3 2) 
Wap Zee = she ak le 
[ 3x+y+2=6 
axty=4 


What You Will Learn 


P Write equations in standard form. 
Use linear equations to solve real-life problems. 


Writing Equations in Standard Form 


Recall that the linear equation Ax + By = C is in standard form, where A, B, and C 
are real numbers and A and B are not both zero. All linear equations can be written 
in standard form. 


EXAMPLE 1 Writing Equivalent Equations in Standard Form 


Write two equations in standard form that are equivalent to 2x — 6y = 4. 


SOLUTION 
To write one equivalent equation, multiply each side of the original equation by 2. 
2(2x — Gy) = 2(4) mp 4x- 12y =8 : 


To write another equivalent equation, divide each side of the original equation by 2. 


2x — by __ 4 
—— — =a) 
; 5 CS f= op 


EXAMPLE 2 Using Two Points to Write an Equation 


Write an equation in standard form of the line shown. 


SOLUTION 
Step 1 Find the slope of the line. 


Step 2 Use the slope m = —3 and the point (1, 1) 
to write an equation in point-slope form. 
= Vy = ee — Ey) Write the point-slope form. 
y= = 36s = Ih) Substitute —3 for m, 1 for x,, and 1 for y;. 
Step 3 Write the equation in standard form. 


y-1=-3-1) Write the equation. 


YN 8x cE. Distributive Property 
okeap y= |] 2 Add 3x to each side. 
3x +y=4 Add 1 to each side. 


p> Anequationis 3x + y = 4. 
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1. Write two equations in standard form that are equivalent to x — y = 3. 


2. Write an equation in standard form of the line that passes through (3, —1) 
and (2, — 3). 
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For classroom suggestions on teaching this lesson, see Laurie's Notes 
at BigildeasMath.com. 


Inclusion 


Some students may think that the only way to write an equivalent equation in standard form is to 
multiply or divide by 2. Explain that they can multiply or divide by any nonzero number. Emphasize 
that whatever number they choose, the same nonzero number must be used to multiply or divide 
| both sides of the equation. Students should understand that there are an infinite number of possible 
equivalent equations for any given equation. 


ANOTHER WAY 


Using the slope-intercept 
form to find an equation 
of the horizontal line 
gives you y = Ox — 4, 
ory=—4. 


Recall that equations of horizontal lines have the form y = b and equations of 
vertical lines have the form x = a. You cannot write an equation of a vertical line Extra Example 3 


in slope-intercept form or point-slope form because the slope of a vertical line is Write an eq uation of the specified line, 


undefined. However, you can write an equation of a vertical line in standard form. 


EXAMPLE 3 Mthroneient Vertical Lines 


Write an equation of the specified line. 
a. blue line 


b. red line 


SOLUTION 


a. The y-coordinate of the given point on the blue line 
is —4. This means that all points on the line have a 


a. blue line x = 3 


y-coordinate of —4. b. red line VS 2) 
> So, an equation of the line is y = —4. 
b. The x-coordinate of the given point on the red line is 4. This means that Extra Example 4 


all points on the line have an x-coordinate of 4. Find the missing coefficient in the 


P So, an equation of the line is x = 4. equation of the line shown. Write the 


=. completed equation. 
ON de-a §=Completing an Equation in Standard Form 


Find the missing coefficient in the equation of the line shown. Write the 
completed equation. 


SOLUTION 


Step 1 Find the value of A. Substitute the coordinates of the given point for x 
and y in the equation. Then solve for A. 


Ax + 3y = 2 Write the equation. 
A(-1) + 30) = 2 Substitute —1 for x and 0 for y. 
-A=2 Simplify. 
oe A=2;2x+y=A4 
A=-2 Divide each side by —1. 


Step 2 Complete the equation. 


MONITORING PROGRESS 


=Oesk ayy Se Substitute —2 for A. ANSWERS 
P Anequation is —2x + 3y = 2. 32 = 59. = —8 
a y= —S, 06 = 18 
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, ; : a (, S75 —jbear yes 8 
Write equations of the horizontal and vertical lines that pass through the 
given point. 

fh, (=o, =O) 4. (13, —5) 


Find the missing coefficient in the equation of the line that passes through 
the given point. Write the completed equation. 


5. —4x + By = 7;(-1, 1) Gere ty = 2 lp) 
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Section 4.3 


175 


Extra Example ‘: Solving Real-Life Problems 


A banquet room has large and small ONIN §=Modeling with Mathematics 
tables. A small table seats 4 people and a 

peee Your class 1s taking a trip to the public library. 
large table seats 6 people. The guests at a You can travel in small and large vans. A small 
banquet can fill 9 small tables and 4 large ee 

12 people. Your class can fill 15 small vans 

tables. and 2 large vans. 
a. Write an equation in standard form a. Write an equation in standard form that 


models the possible combinations of small 


that models the possible combinations 
and large vans that your class can fill. 


of small and large tables that banquet 
guests can fill. 4s + 62 = 60 


b. Graph the equation from part (a). 


¢c. Find four possible combinations. 


b. Graph the equation from part (a). SOLUTION 


a. Write a verbal model. Then write an equation. . 


Capacity of | Number of A Capacity of _ Numberof — People 
small van” small vans large van 4 large vans on trip 


8 . s 4 12 . g = »p 


Because your class can fill 15 small vans and 2 large vans, use (15, 2) to find 
the value of p. 


: : Piles: s+ = i ion. 
c. Find four possible combinations. er ie pees 
Sample answer: 0 small and 10 large 8(15) + 12(2) = p Substitute 15 for s and 2 for £. 
6 small and 6 large, 12 small and ae Snel 
2. large, 15 small and 0 large P So, the equation 8s + 12 = 144 models the possible combinations. 
b. Usc intercepts to graph the equation. 
MONITORING PROGRESS Find the intercepts. 
ANSWER Substitute 0 for s. Substitute 0 for 2 
7. 8s + 12 € = 136; Sample answer: 8(0) + 122 = 144 8s + 12(0) = 144 
2 small vans and 10 large vans, ee aoe 
5 small vans and 8 large vans, aE WAY a 
8 small vans and 6 large vans, and MILEM IEE) WS Tn Hee pon 
ul 1 dea 2 ; possible combinations is to Connect them with a line segment. For 
small vans an arge vans substitute values for s or 2 this problem, only whole-number values 
in the equation and solve of s and @ make sense. 


for the other variable. 
nnn] c. The graph passes through (0, 12), (6, 8), (12, 4), and (18, 0). So, four possible 


combinations are 0 smail and 12 large, 6 small and 8 large, 12 small and 4 large, 
and 18 small and 0 large. 
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7. WHAT IF? Eight students decide to not go on the class trip. Write an equation in 
standard form that models the possible combinations of small and large vans that 
your class can fill. Find four possible combinations. 
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| Closure — 


¢ Exit Ticket: Write an equation in standard form of the line that passes through (5, —3) and has 
a slope of —2. 2x +y=7 
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4.3 Exercises 


line are given. 


Vocabulary and Core Concept Check 


- WRITING Explain how to write an equation in standard form of a line when two points on the 


Dynamic Solutions available at BigideasMath.com 


. WHICH ONE DOESN'T BELONG? Which equation does nor belong with the other three? Explain 


your reasoning. 


3x + 8y=1 y=5x-9 


ae 


6x — 2y = | xty=4 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, write two equations in standard 
form that are equivalent to the given equation. 
(See Example 1.) 


3. x+y=~—10 4. 5x + i0y = 15 


5. —x+2y=9 Go =Bhe= Ile =o 
i She = Sip = N12 8. —2x+4y=—5 


In Exercises 9-14, write an equation in standard form 
of the line that passes through the given point and has 
the given slope. 


OL (=3, Jeu = Il 10. (4, -1);m =3 


11. (0,5); m = -2 12. (—8, 0), m= —4 


13, (-4,-4);m=-} 14. (-6,-10), m=} 


In Exercises 15-18, write an equation in standard form 
of the line shown. (See Exaniple 2.} 


15. 


In Exercises 19-22, write equations of the horizontal 
and vertical lines that pass through the given point. 
(See Example 3.) 


19. (2,3) 20. (—5, —4) 
Al, =) 22. (—6, 2) 


In Exercises 23-26, find the missing coefficient in 
the equation of the line shown. Write the completed 
equation. (See Example 4.} 


23; y 24. 


a 


25. 26. 


\ 


[x + By = 10| 


27. ERROR ANALYSIS Describe and correct the error in 
finding the value of A for the equation Ax — 3y = 5, 
when the graph of the equation passes through the 


point (1, —4). 
x A(-4) - 3(1) =5 
-4A=8 
A=~2 
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27. —4 was substituted for x instead of y and 
1 was substituted for y instead of x; A = —7 


Assignment Guide and 


Homework Check 


ASSIGNMENT 


Basic: 1, 2, 3-27 odd, 28, 29, 32, 
36-39 


Average: 1, 2-26 even, 27, 
28-32 even, 36-39 


Advanced: 1, 2, 8-26 even, 27—39 


HOMEWORK CHECK 
Basic: 3, 15, 19, 23, 29 
Average: 4, 16, 20, 24, 30 
Advanced: 8, 18, 20, 24, 30 


ANSWERS 
1. Find the slope of the line. Use the 
slope and one of the given points 
to write an equation in point-slope 
form. Then, rewrite the equation in 
standard form. 


2. y = 5x — 9; It is the only equation 
not written in standard form. 
3. Sample answer: 2x + 2y = —20, 
3x + 3y = —30 
4. Sample answer: x + 2y = 3, 
10x + 20y = 30 
5. Sample answer: —2x + 4y = 18, 
—3x + 6y = 27 
6. Sample answer: —3x — 4y = 2, 
—18x — 24y = 12 
7. Sample answer: 3x —y = —4, 
18x — 6y = —24 
8. Sample answer: —4x + 8y = —10, 
—6x + 12y = —-15 
ok Sea =) 
10. —3x+ y=—13 
ly Bear p= 5) 
pe, Abe sp iy S = s 
3) Sx +y=—10 


22. y=2,x = —6 
UB, Aig aike se Bi) = 5) 
WA. Sx 4y=-1 
25. 4; -—-x + 4y = 10 
Ady Me ue se I iby eal 
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28. MAKING AN ARGUMENT Your friend says that you 32. HOW DO YOU SEE IT? A dog kennel charges 


D icT hi Tool can write an equation of a horizontal line in standard $25 per night to board your dog. The kennel also 
ynamic teaching tools form but not in siope-intercept form or point-slope sells dog treats for $5 each. The graph shows the 
form. Is your friend correct? Explain. possible combinations of nights at the kennel and 


Dynamic Assessment & Progress Monitoring Tool 
y g erat treats that you can buy for $100. 


Interactive Whiteboard Lesson Library 29. MODELING WITH MATHEMATICS The diagram shows 


5 3 ae Sher; seems the prices of two types of ground cover plants. A Dog Kennel 
Dynamic Classroom with Dynamic Investigations gardener Gan afford to buy Ider ne gmian and my 
60 phlox plants. (See Example 5.) i=) ee = 
cm --|5x + 25y = 100 
a) a 1} 
ANSWERS cs 5 
28. no; The equation of a horizontal line = - 
. . =) 
is the same in all forms. = Woe 2 G a 
Number of treats 


29. a. 1.20x + 2.50y = 300 
b. ere a 


a. List two possible combinations. 


a. Write an equation in standard form that models the 
possible combinations of vinca and phlox plants 
the gardener can afford to buy. 


cae b. Interpret the intercepts of the graph. 


33. ABSTRACT REASONING Write an equation in 
b. Graph the equation from part (a). standard form of the line that passes through (a, 0) 


d (0, 6), where a # Oand b #0. 
c. Find four possible combinations. ged dane oe 


30. MODELING WITH MATHEMATICS One bus ride costs 
$0.75. One subway ride costs $1. A monthly pass for 
unlimited bus and subway rides costs the same as 
36 bus rides plus 36 subway rides. 


34. THOUGHT PROVOKING Use the graph shown. 
c. Sample answer: OQ Vinca plants 
and 120 Phlox plants, 
50 Vinca plants and 96 Phlox 
plants, 150 Vinca plants and 
48 Phlox plants, and 250 Vinca 
plants and 0 Phlox plants 


30-32. See Additional Answers. 


b 
' + —t 
a8 po b 


a. Write an equation in standard form that models 
the possible combinations of bus and subway rides 
with the same total cost as the pass. 


b. Graph the equation from part (a). 


c. You ride the bus 60 times in one month. How 
many times must you ride the subway for the total 
cost of the rides to equal the cost of the pass? 
Explain your reasoning. b. Explain how to change the equation so that the 

graph is reflected in the x-axis. 


a. What are the signs of B and C when A is positive?’ 
when A is negative? 


34. a. negative and positive; positive 
and negative 


b. multiply B by —1 
c. replace x with (x — A) for some 
constant h 


35-39. See Additional Answers. 


31. WRITING There are three forms of an equation of a 
line: slope-intercept, point-slope, and standard form. 
Which form would you prefer to use to do each of the 
following? Explain. 


a. Graph the equation. 35. MATHEMATICAL CONNECTIONS Write an equation 
in standard form that models the possible lengths and 
widths (in feet) of a rectangle with the same perimeter 
c. Write an equation of the line given two points on as a rectangle that is 10 feet wide and 20 feet long. 
the line. Make a table that shows five possible lengths and 
widths of the rectangle. 


c. Explain how to change the equation so that the 
graph is translated horizontally. 


b. Find the x-intercept of the graph of the equation. 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Write the reciprocal of the number. (Ski//s Review Handbook) 


Mini-Assessment 


. Write two equations in standard 
form that are equivalent to 
x + 3y = 5. Sample answers: 
2x + 6y = 10; —x — 3y= —5 


36. 5 37. ae 
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. Write an equation in standard 
form of the line through the points 
(=2,6)rand/ (Oe ax ay == 2 


. Find the missing coefficient in the 


if students need help... If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
© Puzzle Time * Cumulative Review 


Student Journal 
e Practice 


equation of the line shown. Write 
the completed equation. 


Differentiating the Lesson 
Skills Review Handbook 


A = 2; 2; 2x — dy = -6 
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TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A.2.C 

A.2.E 

ADF 


A.2.G 
A.A 


SELECTING 
TOOLS 


To be proficient in math, 
you need to use a graphing 
calculator and other 
available technological 
tools, as appropriate, 

to help you explore 
relationships and deepen 
your understanding 

of concepts. 


Section 4.4 


Writing Equations of Parallel 


and Perpendicular Lines 


Essential Question How can you recognize lines that are parallel or 


perpendicular? 


ARO Y ULC) =Recognizing Parallel Lines 


Work with a partner. Write each linear equation in slope-intercept form. Then use a 
graphing calculator to graph the three equations in the same square viewing window. 
(The graph of the first equation is shown.) Which two lines appear parallel? How can 
you tell? 


a. 3x+4dy=6 b. 5x + 2y =6 
3x + 4y = 12 ax+y=3 
4x + 3y = 12 2.5x+y=5 


‘ta ROLYNG le) Recognizing Perpendicular Lines 


Work with a partner. Write each linear equation in slope-intercept form. Then use a 
graphing calculator to graph the three equations in the same square viewing window. 
(The graph of the first equation is shown.) Which two lines appear perpendicular? 
How can you tell? 


a. 3x + 4y=6 b. 2x + Sy = 10 
3x — 4y = 12 Shea? i= 3) 
4x — 3y = 12 Uooe Wy) 


Communicate Your Answer 


3. How can you recognize lines that are parallel or perpendicular? 


4. Compare the slopes of the lines in Exploration 1. How can you use slope to 
determine whether two lines are parallel? Explain your reasoning. 


5. Compare the slopes of the lines in Exploration 2. How can you use slope to 
determine whether two lines are perpendicular? Explain your reasoning. 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


| 


SUPPORTING English Language Learners 


Have students read aloud the routine headings used on pages 179-180. (Essential Question, 


Exploration, Communicate Your Answer, What You Will Learn, Core Vocabulary, Core Concept, 
Example, Solution, Monitoring Progress) 


own words. 


ELPS 4.C.3 Comprehend English vocabulary used routinely in written classroom materials. 


Beginning/Intermediate Point to each heading as the teacher models it by reading aloud. 
Advanced/Advanced High Read each heading aloud and explain its meaning using their 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.2.C The student is expected to write 
linear equations in two variables given 


a table of values, a graph, and a verbal 
description. 


A.2.E The student is expected to write 
the equation of a line that contains a 
given point and is parallel to a given line. 


A.2.F The student is expected to write 
the equation of a line that contains a 
given point and is perpendicular to a given 
line. 


A.2.G The student is expected to write 
an equation of a line that is parallel or 
perpendicular to the X or Y axis and 
determine whether the slope of the line is 
zero or undefined. 


A.3.A The student is expected to 

determine the slope of a line given a table 
of values, a graph, two points on the line, 
and an equation written in various forms, 
including y = mx + b, Ax + By = C, and 


Y-y,= mx —x,). 


ANSWERS 
1-2. See Additional Answers. 


3. Parallel lines are always the same 
distance apart, Perpendicular lines 
intersect at right angles. 

4. Parallel lines have the same slope; 
The lines with the same slope in 
Exploration | were parallel. 


5. Perpendicular lines have slopes that 
are negative reciprocals of each other; 
The lines with negative reciprocal 
slopes in Exploration 2 were 
perpendicular. 
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Extra Example 1 4.4 Lesson What You Will Learn 


Determine which of the lines are parallel. Identify and write equations of parallel lines. 
> Identify and write equations of perpendicular lines. 


Gore Vocabulary. Identifying and Writing Equations of Parallel Lines 


parallel lines, p. 780 


erpendicular lines, p. 78 
Peas By Core Concept 


Previous 


reciprocal 


Parallel Lines and Slopes 


Two lines in the same plane that never interseet are parallel lines. Nonvertieal 
lines are parallel if and only if they have the same slope. 


emacs 


READING 
The phrase “A if and 


On iGEM cy 2) EXAMPLE 1 Identifying Parallel Lines 


writing two conditional 


All vertieal lines are parallel. 


Lines a and b have the same slope, so they 


aie parallel. statemens at poe L Determine whieh of the lines are parallel. 
means that if A is true, 
then B is true. It also SOLUTION 
Extra Example 2 means that if B is true, 
: ‘ F i Find the sl f eaeh line. 
Write an equation of the line that passes alge Te ea 
: ; ‘ 23 
through (3, 1) and is parallel to the line De ray a5 
y=3x+1. y= 3x- 8 10 1 
Line b. m= ————- = —— 
1-(-3) 4 
MONITORING PROGRESS 7 eee 
; =(= 5 
ANSWERS “2 
1. no; They do not have the same slope. P Lines a and c have the same slope, so they are parallel. 
iil 
2 y= at3 ONY aeavae §=Writing an Equation of a Parallel Line 


Write an equation of the line that passes through (5, ~4) and is parallel to 
the line y = 2x + 3. 


ANOTHER WAY SOLUTION 


You can also use the slope 
m = 2 and the point-slope 
form to write an equation 
of the line that passes Step 2 Use the slope-intercept form to find the y-intercept of the parallel line. 
through (5, —4). 


Step 1 Find the slope of the parallel line. The graph of the given equation has a slope 
of 2. So, the parallel line that passes through (5, —4) also has a slope of 2. 


y=mx+b Write the slope-intercept form. 
Vag ie aa) —4=2(5) +b Substitute 2 for m, 5 for x, and —4 for y. 
YA) = ee — iS) 
-l4=b6b Solve for b. 


y=2x-14 


> Using m = 2 and b = —14, an equation of the parallel line is y = 2x — 14. 


Monitoring Progress @) Help in English and Spanish at BigideasMath.com 


1. Line a passes through (—5, 3) and (—6, —1). Line b passes through (3, —2) and 
(2, —7). Are the lines parallel? Explain. 

2. Write an equation of the line that passes through (—4, 2) and is parallel to 
the line y = 4 a dls 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 
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REMEMBER 


The product of a nonzero 
number m and its negative 
reciprocal is —1: 


ANOTHER WAY 


You can also use the 
slope m = —2 and the 
slope-intercept form to 
write an equation of the 
line that passes through 
(2), 1), 


y=mx+b 
23) 
-5=b 


SOny— 2X — 5. 


Identifying and Writing Equations 
of Perpendicular Lines 


G Core Concept 


Perpendicular Lines and Slopes 


Two lines in the same plane that intersect to 


form right angles are perpendicular lines. 


Nonvertical lines are perpendicular if and 
only if their slopes are negative reciprocals. 
Dk 


Vertical lines are perpendicular to 
horizontal lines. 


EXAMPLE 3 Identifying Parallel and Perpendicular Lines 


Determine which of the lines, if any, are parallel or perpendicular. 


Line a: y = 4x + 2 Line b: x + 4y = 3 Line c: —8y — 2x = 16 


SOLUTION 
Write the equations in slope-intercept form. Then compare the slopes. 
Linea: y=4x4+2 


Line b: y= —ty aF S Line c: y= -h = 


p> Lines } and c have slopes of -t, so they are parallel. Line a has a slope of 4, 
the negative reciprocal of —3, so it is perpendicular to lines b and c. 


EXAMPLE 4 Writing an Equation of a Perpendicular Line 


Write an equation of the line that passes through (—3, 1) and is perpendicular to the 
line y = 5x ap Sk 


SOLUTION 


Step 1 Find the slope of the perpendicular line. The graph of the given equation has a 
slope of i. Because the slopes of perpendicular lines are negative reciprocals, 
the slope of the perpendicular line that passes through (—3, 1) is —2. 


Step 2 Use the slope m = —2 and the point-slope form to write an equation of the 
perpendicular line that passes through (—3, 1). 


= My = TAGS = 25) 
y= = Sabo (aay) Substitute —2 for m, —3 for x,, and 1 for y,. 
Spade 0) Simplify. 


Write the point-slope form. 


VS Se Write in slope-intercept form. 


> An equation of the perpendicular line is y = —2x — 5. 
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3. Determine which of the lines, if any, are parallel or perpendicular. Explain. 
Linea: 2x+6y=-3 Lined: y= 3x — 8 Line c: —6y + 18x =9 


4. Write an equation of the line that passes through (—3, 5) and is perpendicular to 
the line y = —3x — 1. 
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English Language Learners _ 


Build on Past Knowledge 

Remind students that the product of a number and its reciprocal is 1. So the product of a number 
and its negative reciprocal is —1. Have students check each negative reciprocal of a slope by 
multiplying it by the original slope. 


Extra Example 3 

Determine which of the lines, if any, are 
parallel or perpendicular. 

Line a: y = x +e 

Line b: 3x + 2y = 8 

Line c: 3y — 2x = —9 

Lines a and c have slopes of 2, so they 


are parallel. Line b has a slope of = 


the negative reciprocal of a So it Is 
perpendicular to lines a and c. 


Extra Example 4 
Write an equation of the line that passes 
through (4, —3) and is perpendicular to 


the liney = 4x — 1. y=—-3x-2 


MONITORING PROGRESS 
ANSWERS 


3. Lines b and ¢ are parallel, Line a is 
perpendicular to lines 6 and c; Lines 
b and c have the same slope and 
the slope of line a is the negative 
reciprocal of the slopes of lines b 


and c. 
4 y=x+6 
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Extra Example 5 


a. Write an equation of a line that is 
parallel to the line y = 2. What is 
the slope of the line? 

Sample answer: y = —1. The slope 
of the line is 0. 


b. Write an equation of a line that is 
perpendicular to the line y = 2. 
What is the slope of the line? 
Sample answer: x = 3. The slope 
of the line is undefined. 


Extra Example 6 

Use the graph in Example 6. Another 
helicopter is at (8, 5). The shortest 
flight path to the shoreline is one that is 
perpendicular to the shoreline. Write an 
equation that represents this path. 

y= 3x = 


MONITORING PROGRESS 
ANSWERS 


5. a. Sample answer: x = 4; The slope 
is undefined. 


b. Sample answer: y = 2; The slope 


is 0. 
5 19 
6. 3 BEE ay 
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REMEMBER 


The slope of a horizontal 
line is 0. The slope of a 
vertical line is undefined. 
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Closure 


SNe Horizontal and Vertical! Lines 


Write an equation of a line that is (a) parallel to the x-axis and (b) perpendicular to the 
x-axis. What is the slope of each line? 


SOLUTION 


a. The x-axis (the line y = 0) is a horizontal line and has a slope of 0. All horizontal 
lines are parallel. Equations of horizontal lines have the form y = b, where bis a 
constant. Let b equal any number other than 0, such as 5. 


> An equation of a line parallel to the x-axis is y = 5. The slope of the line is 0. 


b. The x-axis is a horizontal line. Vertical lines are perpendicular to horizontal lines. 
The slope of a vertical line is undefined. Equations of vertical lines have the form 
x = a, where a is a constant. Let a equal any number, such as 2. 


> An equation of a line perpendicular to the x-axis is x = 2. The slope of the line 
q perp: Pp 
is undefined. 


EXAMPLE 6 


Writing an Equation of a Perpendicular Line 


The position of a helicopter 
search and rescue crew is 

shown in the graph. The shortest 
flight path to the shoreline is 
one that is perpendicular to the 
shoreline. Write an equation 
that represents this path. 


SOLUTION 


Step 1 Find the slope of the line that represents the shoreline. The line passes through 
points (1, 3) and (4, 1). So, the slope is 


es 

4-1 3 

* Because the shoreline and shortest flight path are perpendicular, the slopes of, 
their respective graphs are negative reciprocals. So, the slope of the graph of 


the shortest flight path is 3. 


Le = 


Step 2 Use the slope m = ; and the point-slope form to write an equation of the 
shortest flight path that passes through (14, 4). 


y — yy = m(x — x) Write the point-slope form. 


3 


y= a= ser — 14) 


y-4=3x-21 


Substitute H for m, 14 for x,, and 4 for y,. 


Distributive Property 


y= 3x = Ty Write in slope-intercept form. 


P An equation that represents the shortest flight path is y = 3x = Ie 
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5. Write an equation of a line that is (a) parallel to the line x = 3 and 
(b) perpendicular to the line x = 3. What is the slope of each line? 

6. WHAT IF? In Example 6, a boat is traveling perpendicular to the shoreline and 
passes through (9, 3). Write an equation that represents the path of the boat. 


Writing Linear Functions 


¢ Writing Prompt: To write an equation of the line that passes through (—2, 4) and is parallel 


toy = —3x + 4, ... Sample answer: substitute the slope of the parallel line, m = —3, and the 
point into the slope-intercept form to find the y-intercept of the parallel line. Then use the slope 
and y-intercept to write an equation. 


4.4 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 
1. COMPLETE THE SENTENCE Nonvertical lines have the same slope. 


ASSIGNMENT 
Basic: 1, 2, 3-29 odd, 33, 34, 39, 40 
Average: 1, 2—28 even, 29, 30, 33, 34, 


2. VOCABULARY Two lines are perpendicular. The slope of one line is —5. What is the slope of the 
other line? Justify your answer. 


| | 39, 40 
Monitoring Progress and Modeling with Mathematics Advanced: 1, 2, 6-12 even, 
ee SS EE 16-28 even, 29-40 


In Exercises 3-8, determine which of the lines, if any, 15, Line a passes through (—2, 1) and (0, 3). 
are parallel. Explain. (See Example 1.) Line b passes through (4, 1) and (6, 4). HOMEWORK CHECK 
3. : Line ¢ passes through (1, 3) and (4, 1). Basic: 2 9, 13, 19, 23 
16. Line a passes through (2, 10) and (4, 13). Average: 4, 10, 14, 20, 24 
Line b passes through (4, 9) and (6, 12). 


Line c passes through (2, 10) and (4, 9). Advanced: 8, 12, 18, 22, 26 


17. Linea: 4x — 3y = 2 
Line b: ysaxt 2 


3 
= Line c: 4y + 3x = 4 ANSWERS 
5. Line a passes through (—1, —2) and (1, 0). aan ee 1. parallel 
Line b passes through (4, 2) and (2, —2). e HME Gn i eke 7 Lu : . _3 
Peay nt en - =<) ~<is the negative reciprocal of —5. 
Line c passes through (0, 2) and (—1, 1). Line By by = —% a8 a P 7 
Line c: y + 6x = 1 3. lines a and b; They have the 
6. Line a passes through (—1, 3) and (1, 9). ; ; . ; same slope. 
Line b passes through (—2, 12) and (—1, 14). In Exercises 19-22, write an equation of the line that ; 
Line c passes through (3, 8) and (6, 10). passes through the given point and is perpendicular to 4. lines b and c; They have the 
the given line. (See Example 4.) same slope. 
7. Linea: 4y + x = 8 8. Linea: 3y —x=6 = lis ees : ; 
- 19. (7,10); y=sx—-9 20, (—4,—1), 5 = + 6 x nd c; 
Tien) te = 4 fine bese Os (Ch WOE = ( JE = 5 5. lines a and c;, They have the 
Line ¢: 2y = —3x + 6 ine shy Be= ® 21, (33) er 6 22, 8 ye a= same slope. 
6. none; None of the lines have the 
In Exercises 9-12, write an equation of the line that In Exercises 23-26, write an equation of a line that is same slope. 
passes through the given point and is parallel to the (a) parallel to the given line and (b) perpendicular to the 7 .N farheald a h 
given line. (See Example 2.) given line. (See Example 5.) » none; None OF the lines nave the 
same slope. 
& (HL Shy= eee 1h CL Bey = Se ard! 23. the y-axis B, ss al a - ae ine | i 
» lines @ an : ey have the 
‘Wik (ES, 23h Shp = se = = 1 PA, (G4, SSE PAY == Grech I) 25. y= -2 26. y=7 same slope. 
In Exercises 13-18, determine which of the lines, if any, 27. ERROR ANALYSIS Describe and correct the error in 9. y= dx +5 
are parallel or perpendicular. Explain. (See Example 3.) writing an equation of the line that SSeS through 10. y= —5x+7 
? ene 1, 3) and is parallel to the line y = 5x + 2. 
(1, 3) and is parallel to the line y Fe ti y=ix-4 
x Ym yy = mx my) | 12. y=3x-8 
ea |) 13. None are parallel or perpendicular; 
ae ae None of the lines have the same slope 
es ses 7) or slopes that are negative reciprocals 


of each other. 
14. Lines a and b are parallel; None are 
Section 4.4 Writing Equations of Parallel and Perpendicular Lines 183 perpendicular; Lines a and b have the 
same slope and none of the lines have 
slopes that are negative reciprocals of 


each other. 

17. Lines a and b are parallel; Line c is 23. Sample answer: x = 1 15. None are parallel; Lines b and c are 
perpendicular to lines a and b; Lines a and b Sample answer: y = —3 perpendicular; None of the lines have 
have the same slope and the slope of line c is 24. Sample answer: x = 7 the same slope and the slope of line b 
the negative reciprocal of the slopes of lines Sampleancrer =a is the negative reciprocal of the slope 
aand b. of line c. 


25. Sample answer: y = —6 


18. None are parallel; Lines a and b are 
perpendicular; None of the lines have the 


16. Lines a and 6 are parallel; None are 


BS Wel perpendicular; Lines a and b have the 


Pop tre 


same slope and the slope of line a is the abs Sample answer: y = 5 same slope and none of the lines have 
negative reciprocal of the slope of line b. Sample answer: x = 4 slopes that are negative reciprocals of 
ey eh 24 27. Parallel lines have the same slope, each other. 
20, y= —3x -4 not negative reciprocal slopes; 
eee a! y~3=4G- Diy 3=H-# 
a es 


22 y= = 3 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool __ 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

28. Perpendicular lines have negative 
reciprocal slopes, not just reciprocal 
Silojeese yi = (3) = = SiGr — 4p 
Vor oS — oa sy ta 


29, y= a +3 
30. y= ax 5 


31. a. yes; Opposite sides are parallel. 
b. no; Adjacent sides are not 
perpendicular. 
32. a= —; a=6 
33. no; The lines that form the angle are 
not perpendicular. 


34-40. See Additional Answers. 


Mini-Assessment 


| 14. Linea passes through (—1, —5) 
and (1, 3). Line b passes through 
(—3, —7) and (1, 9). Line c passes 
through (0, —2) and (4, —3). Which 
lines are parallel or perpendicular? 
Explain. Lines a and b (slopes: 4) 
are parallel. Line c (slope: —1| is 
perpendicular to lines a and b. 


2. Write an equation of the line that 
passes through (—2, 3) and is 
parallel to the line y = 2x — 1. 
y=2x+7 


3. Write an equation of the line 
that passes through (0, —2) and 
is perpendicular to the line 
y=ux-2. Y= Sax = 2 


4. A road is constructed perpendicular 
to South Street. Write an equation 
that represents this new road. 
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If students need help... 


| Student Journal 
e Practice 


Differentiating the Lesson 


28. ERROR ANALYSIS Describe and correct the error in 
writing an equation of the line that passes through 
(4, —5) and is perpendicular to the line y = 4x a Sh: 


x 


Y7 I = M(x xq) 
y~(-5) = 3(x— 4) 
y+5=3x-12 
y= 3x-17 


29. MODELING WITH MATHEMATICS A city water 
department is proposing the construction of a 
new water pipe, as shown. The new pipe will be 
perpendicular to the old pipe. Write an equation that 
represents the new pipe. (See Example 6.) 


S existing 
(0, 3) water pipe 


proposed 
“water pipe 


30. MODELING WITH MATHEMATICS A parks and 
recreation department is constructing a new bike path. 
The path will be parallel to the railroad tracks shown 
and pass through the parking area at the point (4, 5). 
Write an equation that represents the path. 


31. MATHEMATICAL CONNECTIONS The vertices of a 
quadrilateral are A(2, 2), B(6, 4), C(8, 10), and D(4, 8). 


a. ls quadrilateral ABCD a parallelogram? Explain. 
b. 1s quadrilateral ABCD a rectangle? Explain. 
32. USING STRUCTURE For what value of a are the 


graphs of 6y 2x + 4 and 2y = ax — 5 parallel? 
perpendicular? 


S15), 


34. 


MAKING AN ARGUMENT 
A hockey puck leaves 

the blade of a hockey stick, 
bounces off a wall, and 
travels in a new direction, 
as shown. Your friend 
claims the path of the puck 
forms a right angle. Is your 
friend correct? Explain. 


HOW DO YOU SEE IT? A softball academy charges 

students an initial registration fee plus amonthly fee. 
The graph shows the total amounts paid by two students _ 
over a 4-month period. The lines are parallel. 


Softball Academy 


Student B 


Total cost 
(dollars) 
N 
NS 
wn 


Student A 


oi 2 3s on" 
Months of membership | 


a. Did one of the students pay a greater registration 
fee? Explain. 

b. Did one of the students pay a greater monthly fee? 
Explain. 


REASONING In Exercises 35-37, determine whether the 
statement is always, sometimes, or never true. Explain ‘ 
your reasoning. 


SiS. 


Si8), 


Bis 


Two lines with positive slopes are perpendicular. 
A vertical line is parallel to the y-axis. 


Two lines with the same y-intercept are perpendicular. 


. THOUGHT PROVOKING You are designing a new 


logo for your math club. Your teacher asks you to 
include at least one pair of parallel lines and at least 
one pair of perpendicular lines. Sketch your logo in a 
coordinate plane. Write the equations of the parallel 
and perpendicular lines. 


Maintaining Mathematical Proficiency Reviewing what you tearned in previous grades and lessons 


Determine whether the relation is a function. Explain. 
AO, (Sho Wha (a 2p oh eH lS 


39. (3, 6), (4, 8), (S, 10), (6, 9), (7, 14) 


(Section 3.1) 
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lf students got it... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


Resources by Chapter 
e Enrichment and Extension 
e¢ Cumulative Review 


Skills Review Handbook 


Start the next Section 


4.1-4.4 What Did You Learn? 


Core Vocabulary 


linear model, p. 164 
point-slope form, p. 168 


parallel lines, p. 1/80 
perpendicular lines, p, /8/ 


Core Concepts 


Section 4.1 
Using Slope-Intercept Form, p. 162 


Section 4.2 
Using Point-Slope Form, p. 168 


Section 4.3 
Writing Equations in Standard Form, p. 174 


Section 4.4 


Parallel Lines and Slopes, p. 150 
Perpendicular Lines and Slopes, p. /8/ 


Mathematical Thinking 


1. 
25 
3. 


How can you explain to yourself the meaning of the graph in Exercise 36 on page 166? 
How did you use the structure of the equations in Exercise 43 on page 172 to make a conjecture? 


How did you use the diagram in Exercise 33 on page 184 to determine whether your friend 
was correct? 


wee eee ee eee eee Cluchy SMIIS = === 5535 ae 


Getting Actively 
involved in Class 


If you do not understand something at all and do not even know , 
how to phrase a question, just ask for clarification. You might reall : T; 
say something like, “Could you please explain the steps in this 
problem one more time?” 


lf your teacher asks for someone to go up to the board, 
volunteer. The student at the board often receives additional 
attention and instruction to complete the problem. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too} 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


1. The graph shows the increase in U.S. 
box office revenue over time. 


2. The slopes were the same, so the 
lines were parallel and the constants 
in the point-slope form indicated 
similar translations. 


3. The points on the diagram were used 
to determine the slopes of both parts 
of the path. The slopes were not 
negative reciprocals, so the lines were 
not perpendicular. 


Chapter 4 185 


ANSWERS 
il, 9 SS — 2 
2. y= -irt5 
$6 5) = Wear 3 
4. y-—5 = —-2( + 2) or 
an ll = ee Al) 
5. y+2=ix+3)or 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


186 


y+1=ix-2) 


i ved) 
j(G2) = 35 oP 2 

foo = -6 

f@ =5x+ 13 

2x-y=6 

ae = 

x=3 

y=-l 


None are parallel; Lines a and b are 
perpendicular; None of the lines have 
the same slope and the slope of line a 
is the negative reciprocal of the slope 
of line b. 

Lines b and c are parallel; None are 
perpendicular; Lines b and c have the 
same slope and none of the lines have 
negative reciprocal slopes. 


a. y=3x— 16 
b. y=-ax+4 
a. y=—yx-4 
b. y=2x+ 1 
y= —4x— 16 
b. y=ixtl 
a. C= 44m + 48 
b. $312 


c. the original company; You 
can keep the site running for 
13 months at the original 
company. You can keep the site 
running for 10 months at the 
new company. 


yes; The amount of water decreases 
at a constant rate; W = 34 ae WHS) 
a. 0.10x + 0.50y = 10 

b. a shh 5 Reason Nocona Flat, ak ee a i 


y: 


Chapter 4 


41-4.4 Quiz 


c. 


Write an equation in slope-intercept form of the line with the given characteristics. (Section 4.]) 


1. passes through: (0, —2) and (1, 3) 2. slope: =k passes through: (3, 4) 3. slope: 2; y-intercept: 3 


Write an equation in point-slope form of the line that passes through the given points. 


ah (2,5) CL, =) Bs (sh =23), 4H) 


(Section 4,2) 
6. (1, 0), (4, 4) 


Write a linear function f with the given values. 


7. f(0) = 2,05) = -3 


(Section 4.1 and Section 4.2) 


8. f(-1) = -6,f(4) = -6 9. f(—3) = ~2,,f(-2) =3 


Write an equation in standard form of the line with the given characteristics, (Section 4.3) 
10. passes through: (3, 0) and (5, 4) 


12. passes through: (3, 4) and (G3, 1) 


11. slope: —1; passes through: (—2, ~7) 
13. slope: 0; passes through: (4, —1) . 


Determine which of the lines, if any, are parallel or perpendicular. Explain. (Section 4.4) 


14. Line a passes through (—2, 2) and (2, 1). = [2 
Line b passes through (1, —8) and (3, 0). 


Line ¢ passes through (—4, —3) and (0, —2). 


15. Linea: 2x + 6y = 
Line b: y= 3x = 
Line c: 3x — 2y = —4 


Write an equation of the line that passes through the given point and is (a) parallel to the given line 
and (b) perpendicular to the given line. (Section 4.4) 


Wie 


19. A website hosting company charges an initial fee of $48 to set up a website. The company 
charges $44 per month to maintain the website. (Section 4./) 


a. Write a linear model that represents the total cost of setting up and maintaining a 
website as a function of the number of months it is maintained. 
b. Find the total cost of setting up a website and maintaining it for 6 months. 


ec. A different website hosting company charges $62 per month to maintain a website, 
but there is no initial set-up fec. You have $620. At which company can you set up and 


maintain a website for the greatest amount of time? Explain. ai 
Time Water 
20. The table shows the amount of water remaining in a water tank as it drains. Can the p (TUE _Ggallons) 
situation be modeled by a linear equation? Explain. If possible, write a linear model that g 155 
represents the amount of water remaining in the tank as a function of time. (Section 4.2) 10 150 
| | 
21. You have $10 ona copy store gift card. The copy store charges $0.10 for each } 12 | 145 
black-and-white copy and $0.50 for each color copy. (a) Write an equation in standard 14 140 
form that models the possible combinations of copies you can buy. (b) Graph the equation | 16 135 
from part (a). (c) Find four possible combinations. (Section 4.3) —— a 


Chapter 4 Writing Linear Functions 


Sample answer: 5 black-and-white 
copies and 19 color copies, 10 black- 
and-white copies and 18 color copies, 
15 black-and-white copies and 17 color 
copies, and 20 black-and-white copies 
and 16 color copies 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


AAC 


REASONING 


To be proficient in math, 
you need to make sense 
of quantities and their 
relationships in problem 
situations. 


Scatter Plots and Lines of Fit 


Essential Question How can you use a scatter plot and a line of fit 


to make conclusions about data? 


A seatter plot is a graph that shows the relationship between two data sets. The two 
data sets are graphed as ordered pairs in a coordinate plane. 


“EXPLORATION 1 Mantle RewantckeaaTs 


Work with a partner. A survey was 
taken of 179 married couples. Each 
person was asked his or her age. The 
scatter plot shows the results. 


a. Draw a line that approximates 
the data. Write an equation of the 
line. Explain the method you used. 


b. What conclusions can you make 
from the equation you wrote? 
Explain your reasoning. 


Ages of Married Couples 


Wife's age 


Husband's age 


0 30 35 40 45 50 55 60 65 70 75 80 


IS<atel I Vie M Finding a Line of Fit 


Work with a partner. The scatter 
plot shows the median ages of 
American women at their first 
marriage for selected years from 
1960 through 2010. 


a. Draw a line that approximates 
the data. Write an equation of 
the line. Let x represent the 
number of years since 1960. 
Explain the method you used. 


b. What conclusions can you make 
from the equation you wrote? 


Ages of American Women 
at First Marriage 


Age 


) 
1960 1970 1980 1990 2000 2010 
Year 


= 


c. Use your equation to predict the median age of American women at their 


first marriage in the year 2020. 


Communicate Your Answer 


3. How can you use a scatter plot and a line of fit to make conclusions about data? 


4. Use the Internet or some other reference to find a scatter plot of real-life data that 
is different from those given above. Then draw a line that approximates the data 
and write an equation of the line. Explain the method you used. 


Section 4.5 


Scatter Plots and Lines of Fit 187 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.4.C The student is expected to write, 
with and without technology, linear 
functions that provide a reasonable fit 


to data to estimate solutions and make 
predictions for real-world problems. 


ANSWERS 
1-2. See Additional Answers. 


3. Draw a line of fit on the scatter plot, 
find its equation, and interpret the 
slope and y-intercept. 


4, Sample answer: 


The data in the graph is from 
the Pennsylvania Department of 
Transportation. 


PA Statewide Car Crashes 


Crashes (thousands) 


122 
) - — 
Ov 2845 6 Pw 

Years since 2005 


y = —2.1x + 137.5; Estimate a line 
through the middle of the plotted 
data, then use two points on that line 
to find the equation. 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


SUPPORTING English Language Learners 


| Explain that passive voice is used to describe something that happens without necessarily stating 


who makes it happen. Say: They graphed the data. Then explain that using passive voice to say 


_ the same thing would be: The data were graphed. Ask students to listen for examples of passive 
voice as you read aloud the description of a scatter plot preceding Exploration 1. (are graphed, was 
taken, was asked) To form the passive voice, a form of the verb to be is used (are, was) with the 


past participle of another verb (graphed, taken, asked). 


ELPS 4.C.4 Comprehend English language structures used routinely in written classroom 
materials. 
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Extra Example 1 

The scatter plot shows the amount of 

time x (in hours) that 8 students spend | 
on homework each week and their grade 

point averages y. 


Core.Vocabulary.. 


scatter plot, p. 788 
correlation, p. 189 


What You Will Learn 


> Interpret scatter plots. 
> Identify correlations between data sets. 
& Use lines of fit to model data. 


Interpreting Scatter Plots 


G) Core Concept 


Scatter Plot 


A scatter plot is a graph that shows the relationship between two data sets. The 
two data sets are graphed as ordered pairs in a coordinate plane. Scatter plots can 
show trends in the data. 


EXAMPLE 1 Interpreting a Scatter Plot 


Studying and Averages | line of fit, p. 190 
; Tne eel nero 
D 
i19) 
— 
wo 
> 
i.) 
~ 
= 
a) 
fol, 
id) 
me} 
i.) 
i ~ 
oO Smoothies 
0 4° 6) (2a. 
Weekly 


homework hours 


Calories 


. What is the grade point average of the 
student who spends 6 hours a week on 
homework? 2.0 

. How many hours a week does the 
student who has a 2.75 grade point 


Sugar (grams) 


0 46 50 54 58 62 66 70 x } 


The scatter plot shows the amounts x (in grams) of sugar and the numbers y of 
| calories in 10 smoothies. 


| a. How many calories are in the smoothie that contains 56 grams of sugar? 

b. How many grams of sugar are in the smoothie that contains 320 calories? 

e. What tends to happen to the number of calories as the number of grams of 
sugar increases? 


{ SOLUTION 


a. 


Draw a horizontal line from the point 
that has an x-value of 56. It crosses the 
y-axis at 270. 


Smoothies 


P So, the smoothie has 270 calories. 


average spend on homework? 

12 hours 

What tends to happen to the grade 
point average as the number of hours 
spent on homework increases? The 
grade point average increases. 


MONITORING PROGRESS 


ANSWERS 
1. 260 cal 


2. about 52 ¢g 


For classroom suggestions on 
teaching this lesson, see Laurie’s 
Notes at BigideasMath.com. 
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SUPPORTING English Language Learners 


. Draw a vertical line from the point that 
has a y-value of 320. It crosses the x-axis 
at 70. 


Calories 


> So, the smoothie has 70 grams 
of sugar. 


° 
U 
1 
' 
r 
| 
: 
‘ 
" 
1 
1 
1 
1 
1 


. Looking at the graph, the plotted points go 


> 0 “46 50 54 58 62 66 70 x | 
up from left to right. 


Sugar (grams) 


> So, as the number of grams of 
sugar increases, the number of 
calories increases. 


Monitoring Progress a) Help in English and Spanish at BigideasMath.com 


1. How many calories are in the smoothie that contains 51 grams of sugar? 


2. How many grams of sugar are in the smoothie that contains 250 calories? 


Writing Linear Functions 


Have students perform the following language tasks to show 
understanding of passive voice. 


Beginning Identify the verbs in What You Will Learn. (interpret, 

identify, use, model) Convert them to present tense passive voice. 

(is interpreted, is identified, is used, is modeled) 

Intermediate Convert the same verbs to past tense passive voice. 

; (was interpreted, was identified, was used, was modeled) 
Advanced Convert the verbs to future tense passive voice. (will be 
interpreted, will be identified, will be used, will be modeled) 


188 
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Advanced High Who will do the actions in What You Will Learn? 
(you) Convert the statements into passive voice. (Scatter plots will be 
interpreted. Correlations between data sets will be identified. Lines of 
fit will be used. Data will be modeled.) 


ELPS 4.C.4 Comprehend English language structures used routinely in 
written classroom materials. 


STUDY TIP 


Identifying Correlations between Data Sets 
A correlation is a relationship between data sets. You can use a scatter plot to describe 


You can think of a positive the correlation between data. 
correlation as having 

a positive slope and a 
negative correlation as 
having a negative slope. 


Positive Correlation 


Negative Correlation No Correlation 


AS x increases, 
y increases. y decreases. no pattern. 


>ONVidewa identifying Correlations 


Tell whether the data show a positive, a negative, or no correlation. 


As x increases, The points show 


a, age and vchicles owned b. temperature and coat sales at a store 


Age and Vehicles Owned Temperature and Coat Sales 
y Y) 
o 7 2 e | eo) = th Se 
ams 6 e TC 60 Ce 
$ 3 : 
a 8 CSD a 50 oe 
BS a ° e- = 40 e 
S ro) e 
= 
g @ Slr * | a 30 e e 
= a ee a oie 
ae ° S 10 ° 
) <= CE 
0 20 25 30 35 40 45 50 55 x | 0 35 40 45 50 55 60 65 70 x 
Person's age (years) Average daily 
= acim = temperature (°F) 


SOLUTION 


a. The points show no pattern. The number of vehicles owned does not depend on a 
person’s age. 


p> So, the scatter plot shows no correlation. 
b. As the average temperature increases, the number of coats sold decreases. 


> So, the scatter plot shows a negative correlation. 


Monitoring Progress CT) Help in English and Spanish at BigideasMath.com 


Make a scatter plot of the data. Tell whether the data show a positive, a negative, 
or vo correlation. 


Temperature (°F), x 


| 82 | 78 | 68 | 87 | 75 | 11 | 92 | 84 | 
Attendees (thousands), y | als) 4.0 lg tS.) | 3.8 2) 


4. aerctscerrs | a | 3 | 4 | 3 6 tz 8 | 


ee ~ - ft. \ 
Value (thousands), y | $24 $21 | $19 | $18 $15 | $12 | $8 | $7 | 
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Visual 

Some students may have difficulty naming the coordinates of points on a scatter plot that are not 
located on intersecting grid lines. Have these students work with a partner to identify coordinates of 
points and to plot additional data on a scatter plot. 


Extra Example 2 

Tell whether the data show a positive, a 
negative, or no correlation. 

a. stopping distance of an automobile 


Stopping Distance 
7 F 


Distance (feet) 


Speed (mph) 


The scatter plot shows a positive 
correlation. 
b. birth month and hours of sleep 


Birth Month and Sleep 


Sleep (hours) 


0 
JPMAM J JAS © WN DB 
Birth month 


The scatter plot shows no correlation. 


MONITORING PROGRESS 
ANSWERS 


3. See Additional Answers. 


ome BF, 
£25 |* 9 = =: 
GA a7 i 
35 0; 8 6G 
2s 15 -o | § 
<i. 10| re 
as i 
© _— ff 
> oO —— ——e 
0 be SRR OPS & 
Age of car (years) 
negative 
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Extra Example 3 

The table shows the salaries y (in 
thousands of dollars) of 5 architects and 
the numbers x of years of experience. 
Write an equation that models the data. 
Interpret the slope and y-intercept of the 
line of fit. 


met (234s 


| y | 50 | 55 | 56 | 60 | 62 | 


Sample answer: Using the points (3, 56) 
and (5, 62), an equation of the line of fit 
is y = 3x + 47. The slope 3 means the 
salaries are increasing by about $3000 
each year. The y-intercept 47 means an 
architect's starting salary is $47,000. 


MONITORING PROGRESS 


ANSWER 
5. Sample answer: y = 0.2x; The 

slope of 0.2 means the monthly car 
payment increases by $20 for every 
$100 increase in monthly income. 
The y-intercept of 0 means a person 
with no monthly income has no car 
payment. 


190 Chapter 4 


=< S 


TUDY TIP 


Using Lines of Fit to Model Data 


When data show a positive or negative correlation, you can model the trend in the data 
using a line of fit. A line of fit is a line drawn on a scatter plot that is close to most of 
the data points. 


ine of fit is also called 
[ees fae ay © Core Concept 


DVD Sales 

j | 
es T] 
ax 28) | 
2 
5 18 ara! 
O 16 + 
mo) 
“we 14)- 
te) 
w 12/—- 
= 
& 10] - = 
ae id 
» | fi 
a an) 
1% 
Ww 

0 (eee ee ee | ; 

012345 67 8 Ox 

Week 


Using a Line of Fit to Model Data 
Step 1 Make a scatter plot of the data. 
Step 2 Decide whether the data can be modeled by a line. 


Step 3 Draw a line that appears to fit the data closely. There should be 
approximately as many points above the line as below it. 


Step 4 Write an equation using two points on the line. The points do not have 
to represent actual data pairs, but they must lie on the line of fit. 


SS7NV NSE Finding a Line of Fit 


The table shows the weekly sales of a DVD and the number of weeks since its release. 
Write an equation that models the DVD sales as a function of the number of weeks 
since its release. Interpret the slope and y-intercept of the line of fit. 


hear ilolsi2 ico 


Sales (millions), y| $19 | $15 $13 | $11 | $10 | $8 [37 | $5 


SOLUTION 
Step 1 Make a scatter plot of the data. 


Step 2 Decide whether the data can be modeled by a line. Because the scatter plot 
shows a negative correlation, you can fit a line to the data. 


Step 3 Draw a line that appears to fit the data closely. 


| Step 4 Write an equation using two points on the line. Use (5, 10) and (6, 8). 


The slope of the line is m = = * =-2. 
Use the slope m = —2 and the point (6, 8) to write an equation of the line. 
ey ies OG) Write the point-slope form. 
Vy = = Bor= (9) Substitute —2 for m, 6 for x,, and 8 for y;. 
y = —2x + 20 Solve for y. 


} An equation of the line of fit is y = ~2x + 20. The slope of the line is ~2. This 
means the sales are decreasing by about $2 million each week. The y-intercept is 
20. The y-intercept has no meaning in this context because there are no sales in 
week 0. 


Monitoring Progress 4) Help in English and Spanish at BigideasMath.com 


5. The following data pairs show the monthly income x (in dollars) and the monthly 
car payment y (in dollars) of six people: (2100, 410), (1650, 315), (1950, 405), 
(1500, 295), (2250, 440), and (1800, 375). Write an equation that models the 
monthly car payment as a function of the monthly income. Interpret the slope 
and y-intercept of the line of fit. 
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| Closure 


e Have students fit a line for Monitoring Progress Questions 3 and/or 4. Check students’ work. 


4.5 Exercises 


Dynamic Solutions available at BigideasMath.com 


Vocabulary and Core Concept Check 


1. COMPLETE THE SENTENCE When data show a positive correlation, the dependent variable tends 
to as the independent variable increases. 


2. VOCABULARY What is a line of fit? 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-6, use the scatter plot to fill in the 8. INTERPRETING A SCATTER PLOT The scatter plot 
missing coordinate of the ordered pair. shows the earned run averages and the winning 
percentages of eight pitchers on a baseball team. 


Assignment Guide and 


Homework Check 


ASSIGNMENT 

Basic: 1, 2, 3-15 odd, 18, 22, 25-28 | 
Average: 1, 2-18 even, 22, 25-28 
Advanced: 1, 2, 8-16 even, 17-28 


HOMEWORK CHECK 
Basic: 7, 9, 13, 15 
Average: 8, 10, 14, 16 


3. 16,7) ate Advanced: 8, 12, 14, 16 
e rm 
- e Pitchers 
4. 3,7) val) - 
a 
. eee g ANSWERS 
> oe”) _ 4 g 1. increase 
e & ; : 
6. Ga, 17) 6 = D 2. aline drawn on a scatter plot that is 
| omer = close to most of the data points 
2 = 
: ®2 8 A&A & 6 3. 6 
vee 6 10 14 18x a 
Earned run average 4. 14 
INTERPRETING A SCATTER PLOT | cs = 
m 3 : aes The scatter plot a. What is the winning percentage of the pitcher with é& 2 
shows the hard drive capacities (in gigabytes) and the ; . 
: ; ee an earned run average of 4.2? 
prices (in dollars) of 10 laptops. (See Example J.) 7. a. $1100 
b. What is the earned run average of the pitcher with 
Laptops a winning percentage of 0.33? b. 12GB 
c. What tends to happen to the winning percentage as c. increases 
eS the earned run average increases? 8. a. 0.600 
a : 
ic) In Exercises 9-12, tell whether x and y show a positive, b. 5 
g a negative, or no correlation. (See Example 2.) c. decreases 
= = 9. positive 
CO) 0) Gee 10. no 
Hard drive capacity (gigabytes) 11. no 
12. negative 
a. What is the price of the laptop with a hard drive 
capacity of 8 gigabytes? 
11. 


b. What is the hard drive capacity of the 
$1200 laptop? 


¢. What tends to happen to the price as the hard drive 
capacity increases? 
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Section 4.5 191 


In Exercises 13 and 14, make a scatter plot of the data. 19. USINGTOOLS Use a ruler or a yardstick to find the 
Tell whether x and y show a positive, a negative, or no heights and arm spans of five people. 
correlation. 


Dynamic Teaching Tools 
a. Make a scatter plot using the data you collected. 
Then draw a line of fit for the data. 


Bm 3. | 2.2 | 25 37 | 36us) | 27 120 


JH | 0 | jl 2 0 2 i 3 2 b. Interpret the slope and y-intercept of the line of fit. 


Dynamic Assessment & Progress Monitoring Tool . 


interactive Whiteboard Lesson Library — 


Dynamic Classroom with Dynamic Investigations 20. THOUGHT PROVOKING A line of fit for a scatter plot 


14. x | 3 [ A | 5 é 7 8 i 9 T 10 | is given by the equation y = 5x + 20. Describe a 
; real-life data set that could be represented by the 
ANSWERS y | 67 | 67 | 90 | 33 | 25 | 21 [ 19 | 4 | ee 
3: “ae —_ —— 


15. MODELING WITH MATHEMATICS The table shows the 
world birth rates y (number of births per 1000 people) 
x years since 1960. (See Example 3.) 


21. WRITING When is data best displayed in a scatter 
plot, rather than another type of display, such as a bar 
graph or circle graph? 


x; 0 10 20 30 40 50 
fy) 35.4 | 33:6} 28:3 | 27.0 22.4 } 20.0 


22. HOW DO YOU SEE IT? The scatter plot shows part of 
a data set and a line of fit for the data set. Four data 
points ate missing. Choose possible coordinates for 
these data points. 


a. Write an equation that models the birthrate as a 
function of the number of years since 1960. 


14-28. See Additional Answers. 


b. Interpret the slope and y-intercept of the line of fit. 


16. MODELING WITH MATHEMATICS The table shows 
the total earnings y (in dollars) of a food server who 
works x hours. 


1 ot ee. 
Moliizi[sl4aiale! vA esa 2, 16 
I ae fe ee al 77 
1. The scatter plot shows the days x of | » | 62 | ae | 85 | 113 | 
| practice and the numbers uv of free ' a. Write an equation that models the server’s 23. REASONING A data set has no correlation, Is it 
throws made during practice. earnings as a function of the number of hours the possible to find a line of fit for the data? Explain. 


server works. 

24. ANALYZING RELATIONSHIPS Make a scatter plot _ 
of the data in the tables. Describe the relationship 
between the variables. Is it possible to fit a line to 
the data? 1f so, write an equation of the line. If not, 
explain why. 


b. Interpret the slope and y-intercept of the line of fit. 


Free-Throw Practice 


17. OPEN-ENDED Give an example of a real-life data set 
that shows a negative correlation. 


18. MAKING AN ARGUMENT Your friend says that the - . 
data in the table show a negative correlation because [x ~22 oe | —? | 4 |) 


Free throws 
made 


the dependent variable y is decreasing. 1s your friend y | 150 16 50 15 10 I 
correct? Explain. ee 
Days of practice "7 
pleted te oo ee 2 Eee 7| 
: | | 
yl 4 | 1 | o | -1| -2[| =4 55} m 5 | 2 | 7 | 90 | 226 


a. How many free throws were 
made on day 5 of practice? 
6 free throws 


Mainta in ing Mathematical Profic iency Reviewing what you learned in previous grades and lessons 


b. On which day were 5 free Evaluate the function when x = —3,0, and 4. (Section 3.3) 


throws made? Day 6 


2. Make a scatter plot of the data. Tell 
whether x and y show a positive, a 
negative, or no correlation. 


Fis (Alok) = (ose 26. A(x) = —10x 


27. f~)=5x-8 28. v(x) = 14 — 3x 
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if students need help... If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
© Puzzle Time * Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


a negative correlation 


3. Write an equation that models the 
data in Question 2. Sample answer: 
y = —2x + 22, using points (1, 20) 

and (2, 18) 


Differentiating the Lesson 
Skills Review Handbook 


192 Chapter 4 


Analyzing Lines of Fit 


Dynamic Teaching Tools 


Essential Question How can you analytically find a line of Dynanile Assessments bales Monitaring Tool 
TEXAS ESSENTIAL best fit for a scatter plot? Lesson Planning Tool 
KNOWLEDGE AND SKILLS , a saa ania lcealile wi 
ca aa Pe P ; nteractive Whiteboard Lesson Librar 
Ae (JRO) VNC) Finding a Line of Best Fit ‘ 
ne Dynamic Classroom with Dynamic Investigations 
hs Work with a partner. Ages of American Women 
The scatter plot shows the median at First Marriage 
ages of American women at their co 
first marriage for selected years | Texas Essential 
from 1960 through 2010. In Knowledge and Skills 
Exploration 2 in Section 4.5, i 3 
you approximated a line of fit A.4.A The student is expected to 
ee To find the line of calculate, using technology, the correlation 
est fit, you can use a computer, . Praca 
eireadsieee Chet onine Terese coefficient between two quantitative 
that has a linear regression feature. Year variables and interpret this quantity as 
a p y 
a measure of the strength of the linear 
a. The data from the scatter plot is shown sae 
in the table. Note that 0, 5, 10, and association. 
so on represent the numbers of years ‘ 
since 1960. What does the ordered pair A.4.B The student is expected a ee npare 
(25, 23.3) represent? and contrast association and causation in 
real-world problems. 
b. Use the linear regression feature to ; 
find an equation of the line of best fit. A.4.C The student is expected to write, 
You should obtain results such as those with and without technology linear 
shown below. é : ! 3 
functions that provide a reasonable fit 
oon to data to estimate solutions and make 
a=. 1261818182 predictions for real-world problems. 
b=19 84545455 
r2=. 9738676804 
r=.986847344 ANSWERS 
1. a. The median age of American 
MAKING c. Write an equation of the line of best fit. Compare your result with the equation women at their first marriage in 
MATHEMATICAL you obtained in Exploration 2 in Section 4.5. 1985 was 23.3 ; 
ARGUMENTS ck, 


b. Check students’ work. 


= 0.13x + 19.8; The equations 
are similar. 


To be proficient inmath, Gommunicate Your Answer 

you need to reason 

inductively about data. 2. How can you analytically find a line of best fit for a scatter plot? 

3. The data set relates the number of chirps per second for striped ground crickets 
and the outside temperature in degrees Fahrenheit. Make a scatter plot of the data. 
Then find an equation of the line of best fit. Use your result to estimate the outside 


temperature when there are 19 chirps per second. 


Er per second (200 16. 0 19 18, 4 I 17. a 


Temperature CF) | | 88.6 6 | 7 6} (93. on ta sl 


2. Use a computer, spreadsheet, or 
graphing calculator that has a linear 
regression feature. 


3. See Additional Answers. 


|Chirps per ‘second 14.7 | 15.4]. 162 | 15.0) 14.4 | 
Temperature (°F) 69.7 7| 69.4 | 83. 3 [196 763, 3 
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For a section overview and insights into this Exploration page, 
see Laurie's Notes at BigldeasMath.com. 


SUPPORTING English Language Learners 


As students work in pairs to complete the exploration and Communicate Intermediate/Advanced High Intermediate students ask Advanced | 
Your Answer, circulate through the classroom and listen to their High students to help them discuss ideas they don’t understand, using 
conversations. Ask them to employ the following learning strategies. gestures and descriptive language when they don’t know a word or 
phrase. Advanced High students use synonyms or alternate phrases 
to explain. Advanced High students request help from teachers or 


classroom aides as needed. 


Beginning/Advanced Beginning students ask Advanced students to 
help them discuss ideas they don’t understand, using non-verbal cues 
such as pointing or tracing a figure when necessary. Advanced students 
use synonyms or alternate phrases to explain. Advanced students ELPS 1.D Speak using learning strategies such as requesting assistance, 
request help from teachers or classroom aides as needed. employing non-verbal cues, and using synonyms and circumlocution. 
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4.6 Lesson What You Will Learn 


® Use residuals to determine how well lines of fit model data. 


Extra Example 1 
The table shows the number y of gloves 
sold for each amount x (in inches) of Use technology to find lines of best fit. 


snowfall. The equation y = Geos CoreVocabulary. ® Distinguish between correlation and causation. 


it? iu : g 
models the data. Is the model a good fit? residual, p. 194 Analyzing Residuals 
linear regression, p. 795 


| 
Bhawiall Gloves Sold, | | line of best fit, p, 195 One way to determine how well a line of fit models a data set 1s to analyze residuals. 
(inches) a y | correlation coefficient, p. 795 
' | interpolation, p. 797 G Core Concept 
1 5 extrapolation, p. 197 ¢ 
I causation, p. 197 Residuals 

2 8 Z A residual is the difference of deve ‘fine of fit 
the y-value of a data point and the point! Xz 

3 7 corresponding y-value found using Sit * 

4 10 i the line of fit. A residual can be aaah 4 - rene 
positive, negative, or zero. , [ residual 

5) 11 A scatter plot of the residuals shows data 

a 12 how well a model fits a data set. If the a 
model is a good fit, then the absolute I 

7 14 values of the residuals are relatively 
small, and the residual points will be more or less evenly dispersed about the 


horizontal axis. If the model is not a good fit, then the residual points will form 
some type of pattern that suggests the data are not linear. Wildly scattered 
residual points suggest that the data might have no correlation. 


SONdNaRI Using Residuals 


The points (x, residual) are evenly 
dispersed about the horizontal axis. So, 
the equation y = 1.5x + 3.5 is a good fit. 


- Gice | In Example 3 in Section 4.5, the equation y = -2x + 20 models the data in the table 
Week, x (millions), y shown, Is the model a good fit? 
: ae) SOLUTION 
. $15 Step 1 Calculate the residuals, Organize your results im a table. 
; i Step 2 Use the points (x, residual) to make a scatter plot. 
; ou aie teas Residual 
6 $8 i | from model 
7 $7 tip ats) 18 19-18=1 
8 $5 By Ss 16 ey = Ikej = = Il 
Ss | ie 14 Iles = Mat 
411 12 Iss i 11 
5 | 10 10 10-10=0 
@ | © 8 8-8 =0 
ae 6 7-6=1 
Bt Si 4 5-4=1 


> The points are evenly dispersed about the horizontal axis. So, the equation 
y = —2x + 20 is a good fit. 


194 Chapter 4 Writing Linear Functions 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


| Auditory 
Some students may benefit from working with a partner to find the residuals. Students can take 
turns using the equation to find each residual, describi 
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STUDY TIP 


You know how to use two 
points to find an equation 
of a line of fit. When 
finding an equation of the 
line of best fit, every point 
in the data set Is used. 


EXAMPLE 2 [Usnribcat rls 


The table shows the ages x and salaries y (in thousands of dollars) of eight employees 
at a company. The equation y = 0.2x + 38 models the data. Is the model a good fit? 


- [43 | 45 | a7 | 53 ra 


47 | 50 | 52 | si | 49 | 45 


| Age, x 35) | Si 
Salary, y 42 | 44 


SOLUTION 
Step 1 Calculate the residuals. Organize youg results in a table. 


Step 2 Use the points (x, residual) to make a scatter plot. 


dai y-Value ' ; =} 
ss Y | from model pew 
35 | 45.0 42 — 45.0 = -3.0 
{ 
[37 | 44) 45.4 44~45.4=-14 
141147 | 462 47-462=08 | <— 
i i \ 
' 43 | 50 46.6 50 — 46.6 = 3.4 
| a | Sy 47.0 52 ~ 47.0 = 5.0 
| 47 | 51 | 474 51 — 47.4 = 3.6 
| 53/49 | 48.6 49 — 48.6 = 04 
155 | 45 | 490 45 — 49.0 = —4.0 


p> The residual points form a M-shaped pattern, which suggests the data are not 
linear. So, the equation y = 0.2x + 38 does not model the data well. 
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1. The table shows the attendances y (in thousands) at an amusement park from 2005 
to 2014, where x = 0 represents the year 2005. The equation y = —9.8x + 850 
models the data. Is the model a good fit? 


eee ee eee | 


is ; : 
| Year, x 0 | 1 | 2 3 | 
{ 
{ 


| Attendance, y | 850 | 845 | 328 | 798 | 


Finding Lines of Best Fit 


Graphing calculators use a method called li e | sion to find a precise line of fit 
called a line of best fit. This line best models a set of data. A calculator often gives a 
value r, called the correlation coefficient. This value tells whether the correlation is 
positive or negative and how closely the equation models the data. Values of r range 
from —I to 1. When ris close to 1 or —1, there is a strong correlation between the 
variables. As r, gets closer to 0, the correlation becomes weaker. 


f= =" r=0 r=1 
strong negative no strong positive 
correlation correlation correlation 
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Extra Example 2 

The table shows the high temperatures 
on Monday for eight weeks. The equation 
y = 7x — 8 models the data. Is the model 
a good fit? 


High 


Hes Temperature (°F) 


No, the residual points form a V-shaped 
pattern, which suggests the data are not 
linear. So, the equation y = 7x — 8 is not 
a good fit. 


MONITORING PROGRESS 
ANSWER 


1. no 
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Extra Example 3 a q DON View Finding a Line of Best Fit Using Technology 


The table shows the number x of teachers 
and the number y of students in each of 
several schools. 


The table shows the durations x (in minutes) of several eruptions of the geyser 

Old Faithful and the times y (in minutes) until the next eruption. (a) Use a graphing 
calculator to find an equation of the line of best fit. Then plot the data and graph 
the equation in the same viewing window. (b) Identify and interpret the correlation 
coefficient. (c) Interpret the slope and y-intercept of the line of best fit. 


Duration, x| 20 | 37 | 42 | 19 | ay | 25144 | 39 


‘Time, y 60 | 83 | 84 58 2 | 62 | 85 | 85 


SOLUTION 
OLD FAITHFUL 
a. Step 1 Enter the data from the table 
_GEYSER —- into two lists. 


a. Use a graphing calculator to find an 
equation of the line of best fit. Then Step 2 Use the /inear regression feature. The values in the equation can be 


; rounded to obtain y = 12.0x + 35. 
plot the data and graph the equation 


in the same viewing window. Sample iis: 
answer: y = 21x + 42 a=11.99008629 slope 


b=35.10684781 y-intercept 
450 r2= 9578868934 
r=.9787169629 correlation 


coefficient 
PRECISION Step 3 Enter the equation y = 12.0x + 35 into the calculator. Then plot the data 
5 ; A and graph the equation in the same viewing window. 
e sure to analyze the 
9 data values to select an 199 ' 
: : : appropriate viewing 
b. Identify and interpret the correlation window for your graph. 


coefficient. about 0.960; The 
relationship between the number of 
students and the number of teachers 


0 
ae : 50 
has a Se positive correlation and b. The correlation coefficient is about 0.979. This means that the relationship between 
the equation closely models the data. the durations and the times until the next eruption has a strong positive correlation 
C. interpret the slope and y-intercept of | and the equation closely models the data, as shown in the graph. 

the line of best fit. The slope 21 means c. The slope of the line is 12. This means the time until the next eruption increases by 

; about 12 minutes for each minute the duration increases. The y-intercept is 35, but 
the number of students increases by it has no meaning in this context because the duration cannot be 0 minutes. 


about 21 for each additional teacher. 
The y-intercept 42 has no meaning in 
this context because a school would 

not have 0 teachers. 
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2. Use the data in Monitoring Progress Question 1. (a) Use a graphing calculator to 
find an equation of the line of best fit. Then plot the data and graph the equation in 
the same viewing window. (b) Identify and interpret the correlation coefficient. 


MONITORING PROGRESS (c) Interpret the slope and y-intercept of the line of best fit. 
ANSWERS 196 Chapter 4 Writing Linear Functions 
2. a. y= —9.6x + 844.5 
870 
0 12 
750 


b. —0.964; strong negative 
correlation 


c. The slope of —9.6 means the 
attendance decreases by about 
9600 each year. The y-intercept 
of 844.5 means the attendance in 
2005 was about 844,500. 
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STUDY TIP 


To approximate or predict 
an unknown value, you 
can evaluate the model 
algebraically or graph the 
model with a graphing 
calculator and use the 
trace feature. 


0 (X24.9787234 .Y¥=94. 744681 , 
50 


READING 


A causal relationship exists 
when one variable causes 
a change in another 
variable. 


Closure 


e Exit Ticket: Find an equation of the line of best fit for the data in the table. Use the equation to 


Using a graph or its equation to approximate a value between two known values is 
called interpolation. Using a graph or its equation to predict a value outside the 
range of known values is called extrapolation. In general, the farther removed a 
value is from the known values, the less confidence you can have in the accuracy of 
the prediction. 


EXAMPLE 4 Interpolating and Extrapolating Data 


Refer to Example 3. Use the equation of the line of best fit. 


a. Approximate the duration before a time of 77 minutes. 


b. Predict the time after an eruption lasting 5-0 minutes. 


SOLUTION 

a. y= 12.07% + 35 Write the equation. 
77 = 12.0x + 35 Substitute 77 for y. 
3.5=x Solve for x. 


p> Aneruption lasts about 3.5 minutes before a time of 77 minutes. 


b. Use a graphing calculator to graph the equation. Use the trace feature to find the 
value of y when x = 5.0, as shown. 


p> A time of about 95 minutes will follow an eruption of 5.0 minutes. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


3. Refer to Monitoring Progress Question 2. Use the equation of the line of best fit to 
predict the attendance at the amusement park in 2017. 


Correlation and Causation 


When a change in one variable causes a change in another variable, it is called 
causation. Causation produces a strong correlation between the two variables. The 
converse is nof true. In other words, correlation does not imply causation. 


EXAMPLE 5 Identifying Correlation and Causation 


Tell whether a correlation is likely in the situation. If so, tell whether there is a causal 
relationship. Explain your reasoning. 


a. time spent exercising and the number of calories burned 


b. the number of banks and the population of a city 


SOLUTION 
a. There is a positive correlation and a causal relationship because the more time you 
spend exercising, the more calories you burn. 


b. There may be a positive correlation but no causal relationship. Building more banks 
will not cause the population to increase. 
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4. Is there a correlation between time spent playing video games and grade point 
average? If so, is there a causal relationship? Explain your reasoning. 
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estimate the cumulative snowfall in week 5. 


Number of weeks 


Cumulative snowfall (in.) 


y = 12.5x — 3; 59.5 inches 


Extra Example 4 
Refer to Extra Example 3. Use the 
equation of the line of best fit. 


a 


. Approximate the number of teachers 
when there are 336 students. 

about 14 teachers 

Predict the number of students 
when there are 20 teachers. 

about 462 students 


Extra Example 5 

Tell whether a correlation is likely 

in the situation. If so, tell whether 
there is a causal relationship. Explain 
your reasoning. 


a. 


time spent babysitting and the amount 
of money earned 

There is a positive correlation and a 
causal relationship because the more 
time you spend babysitting, the more 
money you earn. 

. eating organic food and getting a good 
score on a test 

There may be a positive correlation but 
no causal relationship. Eating organic 
food will not cause you to get a good 
score on a test. 


MONITORING PROGRESS 
ANSWERS 


Some 00) 


4. There may be a negative correlation; 
A causal relationship is possible 
because the more time you spend 
playing video games, the less time 
you spend studying. 
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Assignment Guide and 


Homework Check 


ASSIGNMENT 
Basic: 1-4, 5-21 odd, 26, 28, 32, 33 


Average: 1-3, 4-26 even, 27, 28, 
Sy, BB 


Advanced: 1-4, 8-28 even, 29-33 


HOMEWORK CHECK 


Basic: 5, 9, 17, 19, 21 
Average: 6, 10, 18, 20, 22 
Advanced: 8, 14, 18, 20, 24 


ANSWERS 


1. when the actual y-value is greater 
than the y-value from the model; 
when the actual y-value is less than 
the y-value from the model. 


2. Ifthe model is a good fit, then the 
absolute values of the residuals are 
relatively small and the residual 
points will be more or less evenly 
dispersed about the horizontal axis. If 
the model is not a good fit, then the 
residual points will form some type 
of pattern that suggests the data are 
not linear. 

3. Interpolation is using a graph or its 
equation to approximate a value 
between two known values, and 
extrapolation is using a graph or its 
equation to predict a value outside the 
range of known values. 


4. r= —0.09; It is the only one that 
suggests no correlation. 


5. no; The residual points are not evenly 
dispersed about the horizontal axis. 


6. yes; The residual points are evenly 
dispersed about the horizontal axis. 


7. yes; The residual points are evenly 
dispersed about the horizontal axis. 


8. no; The residual points form a 
nonlinear pattern. 


9. yes; The residual points are evenly 
dispersed about the horizontal axis. 


10. no; The residual points are not evenly 
dispersed about the horizontal axis. 

Il. y=2.1x — 8; r = 0.980; strong 
positive correlation 

12. y= —1.3x + 8; r = —0.886; strong 
negative correlation 


13. y= 14x + 16; 7r = 0.999; strong 
positive correlation 


14. y= —x+ 11;r= —0.444; weak 
negative correlation 


198 Chapter 4 


4.6 Exe rcises Dynamic Solutions available at BigideasMath.com 


Vocabulary and Core Concept Check 


VOCABULARY When is a residual positive? When is it negative? 


WRITING Explain how you can use residuals to determine how well a line of fit models a data set. 
VOCABULARY Compare interpolation and extrapolation. 


WHICH ONE DOESN'T BELONG? Which correlation coefficient does not belong with the other three? 
Explain your reasoning. 


r= —0.98 PSUs 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-8, use residuals to determine whether 10. ANALYZING RESIDUALS Witevardn Ticket | 
the model is a good fit for the data in the table. The table shows the e ’ sales, y 
Explain. (See Examples t and 2.) approximate numbers y a 
5 i (in thousands) of movie I 27 
ya = tickets sold from January 2 28 
ir ets a a T | ] to June for a theater. In the 3 26 
[x a 4 3 | A : | 0 ! | Z | JOS table, x = 1 represents 
ly =The =| =10 | =7 | =2 1 @ | 6 | 10 15 January. The equation 4 28 
= y = 1.3x + 27 models the 5 32 
6. y=6x+4 data. Is the model a good 6 | 35 
— — aaa ae fit? Explain. 
Milzlalalsicizisis| 
ly 1B | 14 | 23 | 26 | 31 | 42 r 45 | 52 | 62 | In Exercises 11-14, use a graphing calculator to find an 
1 L zl equation of the line of best fit for the data. Identify and 
je 1c, interpret the correlation coefficient. 
= a ee ee re = Aan ¥ [, 2 a 
=a Sa aoa Goa 
[x] -8 | -6 | -4 | -2 neal eee eo 2? | eae 
f ines i = = = = ii eee 
is [wls be pas alma] | Ree ee eee 
Eb y= =O Sk = 2 Sl gee ere te 5 ee | T 
- ‘ 1-4 | -2) o | 2 | 4 | 6 ea 
[x] 4] 6 | s]i0| 12] 14 | 16 ed mui|7is {iis |) aee 
— ae 4 = —— oe 
'y! 1 3 | 6} —8 10 10 10 oF 
it | es ees i | 3 
13-15] =10| =5 | o | 5) Toe 
9. ANALYZING RESIDUALS The table shows the growth + Beer 4 
y (in inches) of an elk’s antlers during week x. The yi -4 a 2 7 | la 2235308 Raya 
equation y = —0.7x + 6.8 models the data. Is the “ ; 
model a good fit? Explain. 14, nfs T 
a : - ie) 6 W 8 SS SO ee ale 
K+ = + - 
peels 2 eee Mm 2) -2, 8 | 3 |-1|-4)o}a 
j 


Growth, y 6.0 | 5.5 [47 I 3.9 | 33 | 
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ERROR ANALYSIS In Exercises 15 and 16, describe 
and correct the error in interpreting the graphing 
calculator display. 


LinReg 
y=axtb 
a=-4.47 
b=23.16 


r2=,9989451055 
r=~.9994724136 


An equation of the line of best fit 
is y= 23.16x —- 4.47. 


The data have a strong positive 
correlation. 


17. MODELING WITH MATHEMATICS The table shows the 
total numbers y of people who reported an earthquake 
x minutes after it ended. (See Exaiple 3.) 


a. Use a graphing [ Minutes, | People, 
calculator to find i 
; y | 
an equation of the e - said a 
line of best fit. Then | 10 | 
plot the data and 2 ; 100 
graph the equation 3 ' 490 
in the same 
viewing window. is 900 
14 
b. Identify and | > 0 
interpret the | 6 ; 1800 
correlation qf ' 2100 
, HI d 
coefficient. 


c. Interpret the slope and y-intercept of the line 
of best fit. 


18. MODELING WITH MATHEMATICS The table shows 
the numbers y of people who volunteer at an animal 
shelter on each day x. 


ce 2 esa lies 

3} 4 i 5 GW lls | 
13} 11 f 10 | 11 | 19 | 12 | 
a. Use a graphing calculator to find an equation of 


the line of best fit. Then plot the data and graph 
the equation in the same viewing window. 


Day, x 1 | 2 
5 


People, y | 9 


b. Identify and interpret the correlation coefficient. 


c. Interpret the slope and y-intercept of the line of 
best fit. 


20. ¢. 


The slope of 4.9 means the cost of a 
sailboat increases by about $4900 for 
each foot the length of the sailboat 


increases. The y-intercept of —37.7 has 


no meaning in this context because the 
length of a sailboat cannot be negative. 


d. $60,000 
e. about 38 ft 


21. There is a negative correlation and a causal 


relationship because the more time you 
spend talking on the phone, the less charge 
there is left in the battery. 


19. MODELING WITH MATHEMATICS The table shows 
the mileages x (in thousands of miles) and the selling 
prices y (in thousands of dollars) of several used 
automobiles of the same year and model. 

(See Example 4.) 


Mileage, x | 22 


| 
| Eee a 
| 


16 | | | ee 5 


Price, y 


a. Use a graphing calculator to find an equation of 
the line e@f best fit. 


b. Identify and interpret 
the correlation 
coefficient. 


c. Interpret the slope 
and y-intercept of 
the line of best fit. 


d. Approximate the mileage of an automobile that 
costs $15,500. 


e, Predict the price of an automobile with 6000 miles. 


20. MODELING WITH MATHEMATICS The table shows the 
lengths x and costs y of several sailboats. 


a. Use a graphing rm T 


calculator to find an Length al 
f i | (thousands 
equation of the line (feet), fdoltars) 
of best fit. x Pe ina . 
b. Identify and interpret [| 59 04 
the correlation | | 
coefficient. 18 56 
c. Interpret the slope Z S 
and y-intercept of the as | 123 
line of best fit. 18 60 
d. Approximate the cost 26) 87 
of a sailboat that is BG 145 : 


20 feet long. = 
e. Predict the length of a sailboat that costs 
$147,000. 


In Exercises 21-24, tell whether a correlation is likely 
in the situation. If so, tell whether there is a causal 
relationship. Explain your reasoning. (See Example 3.) 


21. the amount of time spent talking on a cell phone and 
the remaining battery life 


22. the height of a toddler and the size of the toddler’s 
vocabulary 


23. the number of hats you own and the size of your head 


24. the weight of a dog and the length of its tail 
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22. There may be a positive correlation but no 
causal relationship. The height of a toddler 
does not determine the toddler’s vocabulary. 


23. A correlation is unlikely. The number of 
hats you own 1s not related to the size of 


your head. 


24, There may be a positive correlation but no 


causal relationship. The weight of a dog 
does not determine the length of its tail. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library. 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
15. The slope and y-intercept were 
reversed; y = —4.47x + 23.16 
The data do not have a strong positive 
correlation; The data have a strong 
negative correlation. 
a. y = 381x — 566 

2200 


16. 


17. 


0 2 8 
0 
b. + = 0.989; strong positive 
correlation 


c. The slope of 381 means the 
number of people who reported 
an earthquake increased by 
about 381 each minute after the 
earthquake ended. The y-intercept 
of —566 has no meaning in this 
context because the number of 
people cannot be negative. 


18. a. y=xt+7 


b. r= 0.619; weak positive 
correlation 


c. The slope of | means the 
number of people who volunteer 
increases by about | each day. 
The y-intercept of 6.75 has no 
meaning in this context because 
there is no day 0. 


19. a. y = —0.2x + 20 
b. r= —0.968; strong negative 
correlation 


c. The slope of —0.2 means the 
selling price decreases by 
about $200 for every increase 
in mileage of 1000 miles. 
The y-intercept of 19.7 has no 
meaning in this context because a 
used car cannot have 0 mileage. 


d. 22,500 mi 
e. $18,800 
a. y=4.9x — 38 


b. r = 0.936; strong positive 
correlation 


20. 
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25. OPEN-ENDED Describe a data set that has a strong 28. MAKING AN ARGUMENT A student spends 2 hours 


ANSWERS correlation but does not have a causal relationship. watching television each week and has a grade 
25. Sample answer: ACT math score and oe average oe Your ee says peas sey 
rmat. il t t 
SAT math score 26. HOW DO YOU SEE IT? Match each graph with its rn On Te ee 
: : ‘ ; the correlation. ls your friend correct? Explain. 
26-33. See Additi 1A correlation coefficient. Explain your reasoning. 
ig MISS itional Answers. 
a. 16 b. E 29. USING MODELS Refer to Exercise 17. 
ee < a. Predict the total numbers of people who reported 
an earthquake 9 minutes and 15 minutes after 
Be <i 4 it ended. 


b. The table shows the actual data. Describe the 
accuracy of your extrapolations in part (a). 


| Minutes, x | 9 | ls 
‘People, y |2750 | 3200 


Mini-Assessment 


1. Is the model y = 2x — 3 a good fit 


for the data in the table? Explain. 30. THOUGHT PROVOKING A data set consists of the 


numbers x of people at Beach | and the numbers y of 
people at Beach 2 recorded daily for | week. Sketch 
a possible graph of the data set. Describe the situation 
shown in the graph and give a possible correlation 


27. ANALYZING RELATIONSHIPS The table shows the es a whether there is a causal 
; . . grade point averages y of several students and the relationship. Explain. 
— The residual points ole evenly numbers x of hours they spend watching television . - 
dispersed about the horizontal axis. each week. 
oyaes , a : : = 31. COMPARING METHODS The table shows the numbers 
. Tell whether a correlation is likely a. Pee ; Hours, | Grade point y (in billions) of text messages sent each year in a 
: : ‘i n five-year period, where x = | represents the first year 
: ; : x average, y year p' ; Pp sy 
in the situation: the number of equation of the line | ce 
cars in a store parking lot and the of best fit. Identify ae | ; — ae 
: and interpret the | | \ 
number of people in the store. If ah een i ee en ee r ; aoe 
. ; Bf 3.5 | Text messages | 
SO, tell whether there isa causal Reineqiene tase a ilicna 601 | 1360 | 1806 | 2206 
relationship. Explain. There is a y-intercept of the line | “ 
it] r 20 | all ! i . ‘ ator ‘ 
positive correlation and a causal of best fit. i a aa ne - me ee 
; ; an cneecnidene 15 28 of the line of best fit. Identify and interpret the 
relationship because the more cars & correlation coefficient. 
eg A watches about 8 3.0 
there are in the parking lot, the 14 hours of A aoe b. Is there a causal relationship? Explain 
more people there are in the store. besa ele 16 a Oa Sraeiea 
. . PUREE ute a = 5 c. Calculate the residuals. Then make a scatter plot 
The table shows the distance x (in student’s grade 


f thi iduals and int t th Its. 
miles) Tom rode his bicycle and the point average. ae 


time y (in minutes) of each ride. d. Do you think there is a causal relationship 
between time spent watching television and grade 


point average? Explain. 


Ma inta ining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


d. Compare the methods you used in parts (a) and 
(c) to determine whether the model is a good fit. 
Which method do you prefer? Explain. 


Distance Time 
(miles), x (minutes), y 
15 


Determine whether the table represents a /inear or nonlinear function. Explain. (Section 3.2) 
Seereaenee 3 le] 2 | 4 6 [3 | 


ig yi 3 | 3 | 3 | -2| 
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3. Use a graphing calculator to find an 
equation of the line of best fit for 
the data. Identify and interpret the 
correlation coefficient. y = 5x — 1; 
about 0.993; a strong positive 
correlation between distance 
traveled and time riding 


If students need help... If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time 


Student Journal 
© Practice 


; ; Start the next Section 
. Use the equation of the line of best 


fit to approximate the distance for a 
30-minute ride. about 6.2 miles 


Differentiating the Lesson 
Skills Review Handbook 


. Predict the time for a 20-mile 
ride. about 99 minutes 
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Arithmetic Sequences 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Essential Question How can you use an arithmetic sequence to 
i) TEXAS ESSENTIAL describe a pattern? 


KNOWLEDGE AND SKILLS 
An arithmetic sequence is an ordered list of numbers in which the difference 
between each pair of consecutive terms, or numbers in the list, is the same. 


ROY NUe)\ ig Describing a Pattern 


Work with a partner. Use the figures to complete the table. Plot the points given 
by your completed table. Describe the pattern of the y-values. 


aaa n=2 n= 3) i A= 5 of 

* * * * * 50 

ANALYZING Koa Poa fos A 
MATHEMATICAL * 30 
RELATIONSHIPS Sn aa Gar 20 
ae iN Number of stars, n I Dees 4 5 | 10 

To be proficient in math, aes Saas | | : ; 


| 
| 
you need to look closely CC Number of sides, y | 


Lesson Planning Too! 


Interactive Whiteboard Lesson Library 


A12.D 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.12.D The student is expected to write a 
formula for the nt term of arithmetic and 


geometric sequences, given the value of 
several of their terms. 


Ds ay Sh ah OG 


12a 6 Sh 
to discern patterns ANSWERS 
and structure. i ea y 1. a. 10, 20, 30, 40, 50 
6 Yi ee es 
O 5 60 | - 
4 50 
3 40 
i | 2 30 
Number of circl a 0 
| EL. SMCS circ es, y Or aw aoe 10 
a n=1 n=2 f= = n= n=5 y, Oe rs anon 
12 
oie % z 2 i : . ‘ 10 The y-value increases by 10 each 
ee e°e ee iE time. 
ee eo e 
ee s 
_ a 2 
2 3} 4 5 | 0 


Number of rows, n 1 


| | 4 | 
— a = — eee 


@ a) 2 gh ek Bh 


Number of dots, y 


Communicate Your Anewer 


2. How can you use an arithmetic sequence to describe a pattern? Give an example 
from real life. 


Oy 2 8 4 Sy 
3. In chemistry, water is called H,O because each molecule of water has two 


hydrogen atoms and one oxygen atom. Describe the pattern shown below, 
Use the pattern to determine the number of atoms in 23 molecules. 


The y-value increases by | 
each time. 


c. 2,4, 6, 8, 10 
n=1 n=2 n=3 =5 ee 
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OP 25 SAS <7 


The y-value increases by 2 


each time. 
SUPPORTING English Language Learners 2. An arithmetic sequence can describe 
i a pattern in which the difference 
Read aloud the Essential Question and description of an arithmetic sequence. Have students work between consecutive terms is the 
) in pairs of mixed language abilities to complete the exploration. same; Sample answer: The amount 


of money earned for selling candy 
bars at $2 each. 

Each molecule added to the group 
increases the number of atoms by 3; 
69 atoms 


| Beginning/Advanced Advanced students read aloud the instructions and help Beginning 
students by providing alternative language when necessary. Then they work together to complete 
the exploration. Beginning students state the answers from their tables, reading aloud the labels 
from the tables. 

Intermediate/Advanced High Advanced High students read aloud the instructions and guide 
the explorations. Intermediate students explain their answers. 


ee 


For a section overview and insights 
into this Exploration page, see 
Laurie’s Notes at BigldeasMath.com. 


ELPS 3.B.3 Expand and internalize initial English vocabulary by learning and using routine 
language needed for classroom communication. 
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Extra Example 1 
Write the next three terms of the 


arithmetic sequence. 
22, oI, 2, 


The next three terms are 30, 38, and 46. 


MONITORING PROGRESS 


ANSWERS 
1. 36, 48, 60 


J, Mein Batis 218 


3 
3. 3,23,23 


202 Chapter 4 


What You Will Learn 


> Write the terms of arithmetic sequences. 
> Graph arithmetic sequences. 


C ore Vo ; ab ulary. P Write arithmetic sequences as functions. 


ene a Writing the Terms of Arithmetic Sequences 
area sequence, 6. 202 A sequence is an ordered list of numbers. Each number in a sequence is called a term. 
common difference, p. 202 Each term a, has a ee position 7 in the sequence. 


Previous 0, e AY, 2B 
point-slope form 


function notation Ist pester | ae ih) at peared | 
G Core Concept 


Arithmetic ea ae : 


i nce, the difference between each pair of consecutive terms 
is fics same. This cries is called the common difference. Each term is found 
by adding the common difference to the previous term. 


5S, 31), WS, 2 sn Terms of an arithmetic sequence 


NS NN : 
S354 moa) 


READING 


An ellipsis (. . .) is a series 
of dots that indicates 


an intentional omission ; , 6 
oe ihavtornnnenicera. [li PON Videaie Extending an Arithmetic Sequence 


mathematics, the... 
notation means “and so 
forth.” The ellipsis indicates =F, Mb, Dil, =D,» » 
that there are more terms 

in the sequence that are SOLUTION 


not shown. . ‘ 
Use a table to organize the terms and find the pattern. 


Write the next three terms of the arithmetic sequence. 


Position 1 | | 3 | 4 
Herm | -7 ~14 | -21 | -28 


iil I 
+(=7) +7) +7) 


Add —7 to a term to find the next term. 


eo aa a ¢ 
‘Position | 1 2 8 ‘ 5 6 7 


“Term | -7 =e || 2 


Each term is 7 less than 
the previous term. So, the 
common difference is —7. 


HCA) set 2h) sk 7h) 


> The next three terms are — 35, —42, and —49. 


Monitoring Progress @) Help In English and Spanish at BigideasMath.com 


Write the next three terms of the arithmetic sequence. 


We I, Oe A a or 202 50:67 alae 53 


202 Chapter 4 Writing Linear Functions 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


_ Differentiated Instruction 


Auditory 

Students may benefit from articulating the process for extending an arithmetic sequence by using 

_ the common difference. Have students take turns working at the board with one of several tables 
showing the terms of a sequence. Students should calculate the common difference and then use it 

| to find the next three terms, explaining each step in the process. 


Graphing Arithmetic Sequences 


To graph a sequence, let a term’s position number n in the sequence be the x-value. 
The term a, is the corresponding y-value. Plot the ordered pairs (n, a,). 


EXAMPLE 2 Graphing an Arithmetic Sequence 


Graph the arithmetic sequence 4, 8, 12, 16, .. .. What do you notice? 
SOLUTION 


Make a table. Then plot the ordered pairs (n, a,): 


Position, n Term, a, | 
1 | 4 14 
| . 12) 
10 
| 3 12 
| 4 | 16 


P The points lie on a line. 


EXAMPLE 3 Identifying an Arithmetic Sequence from a Graph 


Does the graph represent an ap 
arithmetic sequence? Explain. Ol eats) 
14 : 
Zi (2, 12) 
M °(3, 9) 
6 (4, 6) 
SOLUTION 4 
2 
Make a table to organize the ordered pairs. 5 


Then determine whether there is a 
common difference. 


Position, n ra 2 3 | 4 
a : bese : ' 
Term, a, 15 12 2 | oe | Each term is 3 less than | 
No See the previous term. So, the 


common difference is —3. | 


P Consecutive terms have a common difference of --3. So, the graph represents the 
arithmetic sequence 15, 12,9, 6,.... 


Monitoring Progress a) Help In English and Spanish at BigideasMath.com 
Graph the arithmetic sequence. What do you notice? 


Aes nyo alee Di A Oy 2k a 6. 1,0.8,0.6,0.4.... 


7. Does the graph shown represent an arithmetic sequence? Explain. 
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Extra Example 2 
Graph the arithmetic sequence 24, 18, 12, 
6, .... What do you notice? 


The points lie on a line. 


Extra Example 3 
Does the graph represent an arithmetic 
sequence? Explain. 


Consecutive terms have a common 
difference of 1.5. So, the graph represents 
the arithmetic sequence 1.5, 3, 4.5, 6, .... 


MONITORING PROGRESS 
ANSWERS — 


4, ah 


012345 67A 


0 P25 2S 87 G 
The points lie on a line. 


7. no; Consecutive terms do not have a 
common difference. 
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Extra Example 4 

Write an equation for the nth term of the 
arithmetic sequence 7, 3, —1, —5,.... 
Then find a39. a, = —4n + 11; The 30th 
term of the arithmetic sequence is —109. 


MONITORING PROGRESS 
ANSWERS 

th =i ar os as) 

9. a, = 8n; 200 

WO, @, = Sl oe 2 = 28 
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ANOTHER WAY 


| An arithmetic sequence is 
a linear function whose 
domain is the set of 
positive integers. You can 
think of d as the slope and 
(1, a,) as a point on the 
graph of the function. An 
equation in point-slope 
form for the function is 


a, — a, = a(n — 1). 


This equation can be 
rewritten as 


a, = a, + (n — 1)d. 


STUDY TIP 


Notice that the equation 
in Example 4 is of the 
form y = mx + b, where 
y is replaced by a, and x 
is replaced by n. 


Writing Arithmetic Sequences as Functions 


Because consecutive terms of an arithmetic sequence have a common difference, the 
sequence has a constant rate of change. So, the points represented by any arithmetic 
sequence lie on a line. You can use the first term and the common difference to write a 
linear function that describes an arithmetic sequence. Let a, = 4 and d = 3. 


Position, 1 Term, 4, Written using a, and d Numbers 
1 first term, @, ay 4 
2 second term, a, a,t+d 4+3=7 
3 third term, a, a, + 2d 4+ 2(3) = 10 
4 fourth term, a4 a, + 3d 4 + 3(3) = 13 
n nth term, a, (Oy ae Ge Wye 4+ (nx — 1)G) 


G) Core Concept 


Equation for an Arithmetic Sequence 


Let a, be the nth term of an arithmetic sequence with first term @, and common 
difference d. The nth term is given by 


ti, = Gy oe Ge — WE 


@NVigeeeee Finding the nth Term of an Arithmetic Sequence 


Write an equation for the nth term of the arithmetic sequence 14, 11, 8,5,.... 
Then find asp. 


SOLUTION 
The first term is 14, and the common difference is —3. 
a, =a, + (a — ld Equation for an arithmetic sequence 


[AS 67 — G3) 


a Substitute 14 for a, and —3 for d. 


n 


=aaiaa| a, = —3n +17 Simplify, 


Use the equation to find the 50th term. 


= = Syrar If Write the equation. 
Gey = AOU ae WH Substitute 50 for n. 
= —133 Simplify. 


> The 50th term of the arithmetic sequence is — 133. 


Monitoring Progress @) Help in English and Spanish at BigideasMath.com 
Write an equation for the mth term of the arithmetic sequence. Then find a,;. 
BEANS AO. dee 
Gh Te, Wo, WEN Be a a 
TOE Oh al es as 
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You can rewrite the equation for an arithmetic sequence with first term a, and common 


difference d in function notation by replacing a, with f(n). Extra Example 5 

fn) =a, + — Dd Juan saves $12 the first week of the year. 
The domain of the function is the set of positive integers. He will increase the amount he saves each 

week by $4. 
eV Raems Writing Real-Life Functions 

Online bidding for a purse lies Ce ee ea ae Week | 2 3 | 4 | 
incteases by $5 foreach bid {| S!@ number | | 2 ere Amount | $12 | $16 | $20 | $24 | 
after the $60 initial bid. | Bid amount | $60 | $65 | $70 | $75 | 12 
a. Write a function that represents the arithmetic sequence. a. Write a function that represents the 
hb Grob ecmncten arithmetic sequence. 7(n) = 4n + 8 
¢. The winning bid is $105. How many bids were there? b. Graph the function. 
SOLUTION 


Savings 


a. The first term is 60, and the common difference is 5. 


a 
a 
a aate Z 2a} 
fn) =a, + (n- Dd Function for an arithmetic sequence & 
) 
fin) = 60 4+ (n — 1)5 Substitute 60 for a, and 5 for d. S 16 
~~ 
fin) = 5n + 55 Simplify. c 
o 68 
> The function f(n) = 5n + 55 represents the arithmetic sequence. = 
0 
b. Make a table. Then plot the ordered pairs (n, a,,). 
REMEMBER a Week 
© : : Bidding on a Purse 
The domain is the set of P Bid | Bid re 
itive i number, 9 | amount, a G 4n ; ; ; 
pune coo ——— & 80 c. Juan's goal is to save $68 in one 
| i} : ; 
| | 3 °(4, 75) week. In which week will he save that 
! 2 i 65 | = 70 @(3, 70) 5 
es | 70 5 65] (2, 65) amount? Week 15 
| : E 60] (1, 60) - 
4 75 } 6 
ye = 4 mo 55 : 3 
ps MONITORING PROGRESS 
n 
: Bid number ANSWERS 
c. Use the function to find the lee _ ; ees 
value of n for which f(n) = 105. - a. f(n) = 2n 
=5n+5 Write the functi be af fi] 
fin) = Sn 5 rite the function. cla 
105 = 5n + 55 Substitute 105 for f(n). r14 _ 
ce We 5 
10=n Solve for n. 2 ale 0: 
= ° 
> There were 10 bids. 8 Bm 
= Bly 
Hall 
aa >) e , 
" . - Monitoring Progress 4 Help in English and Spanish at BigideasMath.com é Se oe 
Games Total cost 
7 11. A carnival charges $2 for each game after you pay a $5 entry fee. 1? 
1 $7 Games 
2 | $9 a, Write a function that represents the arithmetic sequence. 
c. 12 games 
3 $11 | b. Graph the function. 
4 | $13 | c. How many games can you play when you take $29 to the carnival? 
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| Closure 


¢ 3-2-1: Distribute a printed 3-2-1 reflection sheet and give time for students to reflect on their 
learning and to write. 
¢ 3 new things (concepts, skills, procedures, ...) | learned in this chapter 
e 2 things (concepts, skills, procedures, ...) | am still struggling with 
¢ 1 thing that will help me tomorrow 
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Assignment Guide and 


Homework Check 


ASSIGNMENT 


Basic: 1, 2, 3-25 odd, 33-39 odd, 45, 
50, 54, 58-60 

Average: 1, 2—40 even, 46-50 even, 
54, 58-60 


Advanced: 1, 2, 16, 22, 26—48 even, 
50-60 


HOMEWORK CHECK 

Basic: 11, 17, 23, 33, 45 
Average: 12, 18, 24, 34, 46 
Advanced: 16, 22, 26, 38, 46 


ANSWERS 


1. 


18. 


206 


The graph of an arithmetic sequence 
is a graph of a linear function whose 
domain 1s the set of positive integers. 


Find the difference between the terms 
dy and a4; 6; 3 

1S, 23, 21 

12, 6,0 


31, 34, 37 
45, 56, 67 
36, 41, 46 
=, 20), = 110 


Chapter 4 


' 


4.7 Exe rcises Dynamic Solutions available at BigldeasMath.com 


Vocabulary and Core Concept Check 


1. WRITING Describe the graph of an arithmetic sequence. 


2. DIFFERENT WORDS, SAME QUESTION Consider the arithmetic sequence 
represented by the graph. Which is different? Find “both” answers. 
; _ 9(5, 19) 
Find the slope of Find the difference between consecutive °(4, 16) 
the linear function. — terms of the arithmetic sequence. 4(3, 13) 
(2, 10) 
Find the difference between Find the common difference . 
the terms a, and ay. of the arithmetic sequence. 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3 and 4, write the next three terms of the In Exercises 23-26, determine whether the graph 
arithmetic sequence. represents an arithmetic sequence. Explain. 


3. Firstt si (See Example 3.) 
. First term: 2 


Common difference: 13 23. 4a 24. en 
u e(4, 26) 
; 6 : 24 = 
4. First term: ‘18 5 (2,4) (4,4) 20 °(3, 19) 
Common difference: -6 4 ee! 16 i 
3 ast 12 @(2, 12) 
In Exercises 5~10, find the common difference of the ; (1, 5) 
arithmetic sequence. 0 0 


G12 S495 7a pes 28 6 7k 
Sip JEG, WS, 2 Sh coe (5 GS, WSO), WS NOE, oo « 


\ 


250s 1.70 26. 4n | 
7 16, 18, =8 0 ee 70 ee) 1 ©(4, 20) 
? Pu 78 nea epee 60 512.55 18 : : 
50 (2, 55) wall (3, 16): 
Su asses se Vie Sly ee 40 °(3, 40) a 
3 _ 0(4, 25)' 9 meee | 
In Exercises 11-16, write the next three terms of the 6 1 
arithmetic sequence. (See Example 1.) . o(1,2) | 
0123456797 On p2meaausmomaa 


Wile 18), a, 2S IS ae o 12 Oa eae: 
In Exercises 27~30, determine whether the sequence is 
13. 16, 21,26, 31,... 14. 60, 30, 0, —30,... arithmetic. If so, find the common difference. 
1, 13, 1,O7.04... 16. 5 5, $s ae PE, NB, O26, 39), 52 wo « 28. 5,9, 14, 20,... 
In Exercises 17-22, graph the arithmetic sequence. (Bo, BS TE WO oo: 30. 87,81, 75, 69,... 
(See Example 2.) 
31. FINDING A PATTERN Write a sequence that 
V7, 4, 12, 20, 28,... 18. —15, 0, 15, 30,... represents the number of smiley faces @®© 
in each group. Is the sequence 
19. -—1,-3,-5,-7,... PAO, P%, WG) BC, SB os oc arithmetic? Explain. © © o +4 4 
21 Oo 22 6525s 5 OG OS OO O®@ 
© ©8 O88 OO 
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20. 


allee2) Lo 
(eens Ccain 


21-31. See Additional Answers. 


32. FINDING A PATTERN Write a sequence that represents 
the sum of the numbers in each roll. Is the sequence 
arithmetic? Explain. 


Roll 1 Roll 2 Roll 3 


Roll 4 


In Exercises 33-38, write an equation for the nth 
term of the arithmetic sequence. Then find @,,, 
(See Example 4.) 


Bs, 4, -3,-2,... 34. =6,—9,=12,-15,... 
BS. 4.1, 15,2... 36, 100, 110, 120, 130, 
37. 10,0,-10,-20,... 38. 2,438... 


39. ERROR ANALYSIS Describe and correct the 
error in finding the common difference of the 
arithmetic sequence. 


x 2 Wy Oy Ags on 
SS 


= =q) =" 


The common difference is 1. 


40. ERROR ANALYSIS Describe and correct the error 
in writing an equation for the mth term of the 
arithmetic sequence. 


x 14,22, 30,38,... 


4, = 4, + nd 
4,= 14+ 6n 


41. NUMBER SENSE The first term of an arithmetic 
sequence is 3. The common difference of the 
sequence is 1.5 times the first term. Write the next 
three terms of the sequence. Then graph the sequence. 


42. NUMBER SENSE The first row of a dominoes display 
has 10 dominoes. Each row after the first has two 
more dominoes than the row before it. Write the first 
five terms of the sequence that represents the number 
of dominoes in each row. Then graph the sequence. 


REPEATED REASONING In Exercises 43 and 44, (a) draw 
the next three figures in the sequence and (b) describe 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


2% 


the 20th figure in the sequence. 
: dy &) eS 


4S. MODELING WITH MATHEMATICS The total number of 33. 
babies born in a country each minute after midnight 34, 
January Ist can be estimated by the sequence shown 
in the table. (See Example 5.) 3B 

a = z = i 17 ar 36. 
Minutes after midnight |» 
| 21S | a a5) 
January ist _— dL. | | ‘ 
‘Total babies born 5 | 10 | IS | Be | 38. 
= — oe a 
de 39. 
a. Write a function that represents the 
arithmetic sequence. 
b. Graph the function. 40. 
c. Estimate how many minutes after midnight 
January 1st it takes for 100 babies to be born. 
41. 

46. MODELING WITH MATHEMATICS The amount of 
money a movie earns each week after its release can 
be approximated by the sequence shown in the graph. 

Movie Earnings 

3 
& 
Pe) 

as | 
ow 
25 
ae 
ae 
= 
42. 
| al 


a. Write a function that represents the 
arithmetic sequence. 


b. In what week does the movie earn $16 million? 


c. How much money does the movie earn overall? 


45. 
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46. 


ANSWERS 


2,5, 8, 11; yes; Consecutive terms 
have a common difference of 3. 

a, =p — Geel 

@, = =3ip = Se — 33) 

a,= 5n; 5 

a, = 10n + 90; 190 

a, = —10n + 20: —80 

A, = an ar 5 12; 
— 1 is added each time, not 1; The 
common difference is —]. 


n Should be n — 1; 

a, = ar (ip — Iyee 

@,, = Neb se (8 = lise a, = Ow ae © 
WD, WB MOS 


{ 


5 | lee kG. Siac ma 
12|-) &-0(3, 12) 


10, 12, 14, 16, 18 


a, ae 


43-44. See Additional Answers. 


a. f(n) = 5n 


b. anf: 
2at : 


Total babies born 


OY a ge SP ae Gy th 7 th ia) 
Minutes after Midnight 
January 1st 


c. 20 min 

a. f(n) = —8n + 64 
b. week 6 

c. $224 million 
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MATHEMATICAL CONNECTIONS In Exercises 47 and 48, DS), 
each small square represents 1 square inch. Determine 

whether the areas of the figures form an arithmetic 

sequence. If so, write a function f that represents the 

arithmetic sequence and find f(30). 


REPEATED REASONING Firewood is stacked in a pile. 
The bottom row has 20 logs, and the top row has 

14 logs. Each row has one more log than the row 
above it. How many logs are in the pile? 


ANSWERS 


47, arithmetic sequence; 
f(n) = 4n — 3; 117 


48. not an arithmetic sequence 


; , 47. 54. HOW DO YOU SEE IT? The bar graph shows the costs 
49. discrete; discrete of advertising in a magazine. 
50. no; If the first term of the sequence [] : 
i é Magazine Advertisement 
is negative and the output values copes 
constantly increase, or if the first term > 60,000 
of the sequence is positive and the = oe 
output values constantly decrease, 48. = 30,000 
the range contains positive and g 20008 a i 
d O 10,000 
negative numbers. 0 
1 2 3 4 
51. Sample answer: —12, —15, —18, -H Size of advertisement (pages) 
INS a, = =i = ©; WA, 9, ©, 38 i 
a, = 3m a Mls a. Does the graph represent an arithmetic sequence? 
49. REASONING Is the domain of an arithmetic sequence Explain. 
6 I nswer. r 3 F : é 
52. Sa mple Gee The numbet of discrete or continuous? Is the range of an arithmetic b. Explain how vou woulaieedaiate (herein 
people who have ridden a ride at an sequence discrete or continuous? : oe si inthe hace 
amusement park that seats 25 people aie al 
at a time, when every seat is filled 50. MAKING AN ARGUMENT Your friend says that the —— 
: range of a function that represents an arithmetic : : 
; ae . REASONING a 
each time. sequence always contains only positive numbers or 3 ‘ yi pea l 33 
§3. 119 only negative numbers. Your friend clainis this is METS acs MNte SITE Ie |_| 
‘ rates Bie Sen, sequence shown in the 4 4) 
54. a. yes: Consecutive terms have a true because the domain is the set of positive integers Hance woe 12 |_| 89 
ie ; diff £12 500 and the output values either constantly increase or PETE ae raaae 
common ditterence 0 7 4 é fs a 9 : 
constantly decrease. Is your friend correct? Explain. 56. PROBLEM SOLVING A train stops at a stationlevert 
b. Write a function that represents : 12 minutes starting at 6:00 a.m. You arrive at the 
: : : 51. OPEN-ENDED Write the first four terms of two ‘ om : 
an arithmetic sequence with Cinerentantimedecenten ec inaceninen station at 7:29 a.m. How long must you wait for 
ze = rain? 
a, = 20,000 and d = 12,500, then difference of —3. Write an equation for the nth the tral 
find the value of the function at 6. er ee ee 57. ABSTRACT REASONING Let x be a constant. 
55. f(n) = 6n + 17 Determine whether each sequence is an arithmetic 
52. THOUGHT PROVOKING Describe an arithmetic sequence. Explain. 


56. 7 min 
57-60. See Additional Answers. 


Mini-Assessment 


. Write the next three terms of the 
arithmetic sequence. 
=A =, =, =O) sce 
J), —2\, eine) 23) 


. Graph the arithmetic sequence. 
Dy lil, WZ 23), coc 


. Write an equation for the nth term 
of the arithmetic sequence 
=A 198, ene riiindle yas 
a, = 8n — 15; 145 


. Dorrie increases the number of sit- 
ups she does each week by 8 after 
doing 10 sit-ups the first week. 


Write a function that represents the 
arithmetic sequence. f(n) = 8n + 2 
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sequence that models the numbers of people in a 
real-life situation. 


8, x + 6,37 + °6,5% 426, 72 > Ge 
b. a+ 1, 3e4 1.9% + 2th 


Ma inta ining Mathematical Profic iency Reviewing what you learned in previous grades and lessons 


Find the slope of the line. (Section 3.5) 


208 


Chapter 4 


Writing Linear Functions 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


Student Journal 
® Practice 


If students got it 
Resources by Chapter 
¢ Enrichment and Extension 
¢ Cumulative Review 


Differentiating the Lesson 
Skills Review Handbook 


Start the next Section 


4.5-4.7. What Did You Learn? 


Core Vocabulary 


scatter plot, p. 188 
correlation, p. 189 

line of fit, p. 190 
residual, p. 194 

linear regression, p. 195 


Core Concepts 


Section 4.5 


Scatter Plot, p. 188 
Identifying Correlations, p. 189 


Section 4.6 


Residuals, p. 194 
Lines of Best Fit, p. 195 


Section 4.7 
Arithmetic Sequence, p. 202 


Mathematical Thinking 


line of best fit, p. /95 
correlation cocfficient, p. 195 
interpolation, p. 197 
extrapolation, p. 197 
causation, p. 197 


sequence, p. 202 
term, p. 202 
arithmetic sequence, p. 202 


common difference, p. 202 
= 


Using a Line of Fit to Model Data, p. 790 


Correlation and Causation, p. /97 


Equation for an Arithmetic Sequence, p. 204 


1. What resources can you use to help you answer Exercise 17 on page 192? 


2. What calculations are repeated in Exercises 11-16 on page 206? When finding a term such as 
Gsg, is there a general method or shortcut you can use instead of repeating calculations? 


To explore the answer to this question and more, 
go to BigideasMath.com. 


Performance Task - - - 


Any Beginning 


With so many ways to represent a linear relationship, where do 
you start? Use what you know to move between equations, 
graphs, tables, and contexts. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


1. Sample answer: the Internet, an 


2 


almanac 


addition; yes, substitute the values 


of a, and d in the formula 


a, = a, + (n — 1)d, and then 


substitute 50 for n to calculate aso. 
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ANSWERS 
1 y=-gxt] 
P| (Oe — 0) 
85 C= = 5 
4. f@=-4 
5. f(x) = —3x + 18 
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A C h rs | pte r Revi ew Dynamic Solutions available at BigideasMath.com 


4.1 Writing Equations in Slope-Intercept Form (pp. 167-166) 


Write an equation of the line in slope-intercept form. 
Find the slope and y-intercept. 
Let (x, y;) = (, 3) and (%, y2) = G, 5). 


Because the line crosses the y-axis at (0, 3), 
the y-intercept is 3. 


P So, the equation is y = ox SF Sh 


1. Write an equation of the line in slope-intercept form. 


4.2 | Writing Equations in Point-Slope Form (op. 167-772) 


and has a slope of 3. 
Y= Se = 55) Write the point-slope form. 
= (Se) = sibe = (Sa) Substitute 3 form, ~1 for x,, and —8 for y,. 
y+ 8 =34 1) Simplify. 


p> The equation is y + 8 = 3(x + 1). 


2. Write an equation in point-slope form of the line that passes through the point (4, 7) 
and has a slope of —1. 


Write an equation in point-slope form of the line that passes through the point (—1, —8) 
Write a linear function f with the given values. 
} 


2 ACO) = SS 2 4. f(3) = -4,fS) = -4 5. f(6) = 3, 7) =3 


Writing Equations in Standard Form (pp. 173-178) 


Write an equation in standard form of the line that passes through the point (—1, 1) and 
has a slope of —2. 


Wy = HAG = a5) Write the point-slope form. 
We) S = Aire (1) Substitute —2 for m, —1 for x,, and 1 for y,. 


2x el Simplify. Collect variable terms on one side and constants on the other. 


p> The equation is 2x + y = —1. 
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ANSWERS 
6. 10x + 2y = —20,x + ly = =) 
7. 4xt+y=—l 


6. Write two equations in standard form that are equivalent to 5x + y = —10. 8 3x-y=2 
Write an equation in standard form of the line with the given characteristics. Dy a2 2 
7. slope: —4 8. passes through: (—1, -5) and (3. 7) 10. y=3,x=—-4 
gee oe E 11. Lines a and bare parallel; None of 
Write equations of the horizontal and vertical lines that pass through the given point. the lines are perpendicular; Lines a 
}Pes @ Se 10. (—4,3) and b have the same slope and none 
of them have negative reciprocal 
—a be ; ; ; slopes. 
Writing Equations of Parallel and Perpendicular Lines (pp. 179-784) Ue oneion te ines are paratlel ines 
Determine which of the lines, if any, are parallel or perpendicular. b and c are perpendicular; None of 
Linea: y = 2x +3 Line b: 2y +x =5 Linec: 4y — 8x = —4 the lines have the same slope and 


the slope of line b is the negative 
reciprocal of the slope of line c. 
13. y=—4x4+9 


> Lines a and c have slopes of 2, so they are parallel. Line b has a slope of 3, the negative 14, y= dee = ik 
reciprocal of 2, so it is perpendicular to lines a and c. 2 


Write the equations in slope-intercept form. Then compare the slopes. 


Line a: y = 2x + 3 Line b: y= —34 op 3 EIneiGy = 2xi— el 


15. a. Sample answer: x = 6 


Determine which of the lines, if any, are parallel or perpendicular. Explain. b. Sample answer: y = 4 
11. Line a passes through (0, 4) and (4,3). 12. Line a: 2x — Ty = 14 16. 4h 
Line b passes through (0, 1) and (4, 0). Line b: y = de = 17. Sample answer: y = ax ae 22 Aine 
Line c passes through (2, 0) and (4, 4). Line c: 2x + 7y = -21 slope of z means the roasting time 


line y = —4x + 2. pound the weight of the turkey 
increases. The y-intercept of 2 has 
no meaning in this context because 
the weight of the turkey cannot be 


14. Write an equation of the line that passes through (2, —3) and is perpendicular 
to the line y = —2x — 3. 


' : i ; 
13. Write an equation of the line that passes through (1, 5) and is parallel to the increases by about 5 hour for each 
15. Write an equation of a line that is (a) parallel and (b) perpendicular to the line x = 4. 
| 


O pounds. 
4.5 | Scatter Plots and Lines of Fit (pp. 187-792) 
The scatter plot shows the roasting times (in hours) and Roasting Turkeys 
weights (in pounds) of seven turkeys. Tell whether the data Yh 
show a positive, a negative, or no correlation. | eo 6.0 fs 
pe oS e 
As the weight of a turkey increases, the roasting time increases. & RA e 
® 45 e 
> So, the scatter plot shows a positive correlation. £ 4a M | 
ae 
= a5 
Use the scatter plot in the example. g 3.0 .° 
: are AS 
16. What is the roasting time for a 12-pound turkey? -_ | 
17. Write an equation that models the roasting time as a OG 2 NG 28 Oe os 
function of the weight of a turkey. Interpret the slope and Weight (pounds) 
y-intercept of the line of fit. 7 
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ANSWERS 
18. 


residual 


EJ anaiyzing Lines of Fit (op. 193-200) 


The table shows the heights x (in inches) and shoe sizes y of several! students. 
Use a graphing calculator to find an equation of the line of best fit. Identify 
and interpret the correlation coefficient. 


aaa 5 
10 eas Height,x | 64 | 62 | 70 | 63 | 72 | 68 ae | 68 | 59 | 
Fs ae ers caren eae mr od a cinerea 
bo 65 |ShoeSizay| 9 | 7 | 12 | 8 | 13 [95] 9 [135] 10 | 6s | 
20. no; Height does not determine 
shoe size. 
= Step 2 Use the linear regression feature 1775989919355 
21. a, = —n + 12; —18 : ‘ b=-23. 4828629 
22. a, = 6n; 180 r2=.9477256904 


r=,9735120392 


23. a, = 3n — 12;78 


> An equation of the line of best fit is y = 0.50x — 23.5. The correlation 
coefficient is about 0.974. This means that the relationship between the 
heights and the shoe sizes has a strong positive correlation and the equation 
closely models the data. 


18. Make a scatter plot of the residuals to verify that the model in the 


| 
| Step 1 Enter the data from the table into two lists. 
| 
example is a good fit. 


19. Use the data in the example. (a) Approximate the height of a student whose 
shoe size is 9. (b) Predict the shoe size of a student whose height is 60 inches. 


| 20. Is there a causal relationship in the data in the example? Explain. 


UW Arithmetic Sequences (pp. 207-208) 


Write an equation for the nth term of the arithmetic sequence —3, —5, —7, —9,.... 
Then find a9. 


The first term is —3, and the common difference is —2. 


| 
a, = a, + (n— l)d Equation for an arithmetic sequence 
Gas (ni Ni) ( 2) Substitute —3 for a, and —2 for d. 
G, = =p = | Simplify. 

Use the equation to find the 20th term. 

Ay) = —2(20) — 1 Substitute 20 for n. 

| = 4] Simplify. 

| 


> The 20th term of the arithmetic sequence is —41. 


Write an equation for the mth term of the arithmetic sequence. Then find ay. 


2 eee lESORO RS tres 22,6 12S y 24 ie. Ce, =, =O, 3h Oho. « 
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fi Chapter Test ANSWERS 


1. 5x —y=6 
Write an equation in standard form of the line with the given characteristics. 2. SX+ y=10 
2: 
1. slope = 3 y-intercept = —6 2. passes through (1, 5) and (3, —5) SN = a ai 
; a ; 4. y= —4x+8 
Write an equation in slope-intercept form of the line with the given characteristics. 
ne ee 2: Ve =e ep 6) 
3. slope = =; y-intercept = —7 i 4. slope = —4; passes through (—2, 16) 6 7 
5 y =-— 
5. passes through (0, 6) and (3, ~3) 6. passes through (5, —7) and (10, —7) ds ye ae = 2 
7. parallel to the line y = 3x — 1; passes through (—2, —8) 8. Sie 
: 9. y-—2= 10 — 6) 
8. perpendicular to the line y = 7x — 9; passes through (1, 1) 1 
ae ee) OL 
Write an equation in point-slope form of the line with the given characteristics. 1 
y+1=-i@-6) 
9. slope = 10; passes through (6, 2) jules 
10. passes through (—3, 2) and (6, ~1) b. 
11. The first row of an auditorium has 42 seats. Each row after the first has three more seats en Bs 
than the row before it. 
a. Find the number of seats in Row 25. 2 
b. Which row has 90 seats? 5 
2 
I 
12. The table shows the amount x (in dollars) spent on advertising for a wb 
neighborhood festival and the attendance y of the festival for several years. = 
—s 
a. Make a scatter plot of the data. Describe the correlation. Advertising Yearly sw 
b. Write an equation that models the attendance as a function of the q (dollars), x attendance, y 6 
amount spent on advertising. 500 400 | 0 1000 2000 3000 4000 x 
c. Interpret the slope and y-intercept of the line of fit. 1000 550 Advertising (dollars) 
13. Consider the data in the table in Exercise 12. 1500 550 pes correlation i 
a. Use a graphing calculator to find an equation of the line of best fit. 2c | oo b. Sample answer: y = = + 300 
b. Identify and interpret the correlation coefficient. 2500 650 ' Cc. oe answer: The slope 
¢. What would you expect the scatter plot of the residuals to look like? 3000 | 800 of 5 Means the attendance 
d. Is there a causal relationship in the data? Explain your reasoning. 3500 1050 increases by about | person 
e. Predict the amount that must be spent on advertising to get 2000 people | 4000 |; (‘'!100 =| for every additional $5 spent 
to attend the festival. on advertising. The y-intercept 
of 300 means that if no money 
14. Let a, b, c, and d be constants. Determine which of the lines, if any, are parallel or is spent on advertising, about 
Pepeneieulat Explain, 300 people attend the festival. 
Line 1: y — ¢ = ax Eine 23ay — —x1— ) Line 3: ax + y=d 13. a. y =0.19x + 309 


b. r = 0.943; strong positive 


15. You are buying ribbon to make costumes for a school play. Organza ribbon costs $0.08 . 
correlation 


per yard. Satin ribbon costs $0.04 per yard. (a) Write an equation in standard form that 
models the possible combinations of yards of ribbon you can buy for $5. (b) Graph the c. more or less evenly dispersed 


equation from part (a). (c) Find four possible combinations. alhauni tine Inert menrall ares 


d. There may be a causal 
Chapter4 ChapterTest 213 relationship in the data but the 
correlation may be caused by 
other factors, such as the quality 
of the attractions each year. 


e. $8900 


14. None of the lines are parallel; Lines 
1 and 2 are perpendicular; None of 
the lines have the same slope, but 
the slope of line | is the negative 
reciprocal of the slope of line 2. 


Skills Review Handbook 15. See Additional Answers. 


If students need help... If students got it... 


Lesson Tutorials _ Resources by Chapter 
e Enrichment and Extension 
¢ Cumulative Review 


Start the next Section 


BigideasMath.com 
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ANSWERS fi Standards Assessment 


lle (C 
jis dl 
ah (C ' : 
4 g 1. Which function represents the arithmetic sequence shown in the graph? (7#KS A.J2.D} 
ee Qos ls es 5, 

B J : 

fin) = 4 — 3n on (1, 24) 

‘ome (IN) 
© ft) =27-3n al : (3, 18) 
@) fin) = 24 - 3n 1G, 15) 


2. In which situation is both a correlation and causation likely? (TEKS A.4.B) 
CF) the number of pairs of shoes a person owns and the person’s shoe size 
©) the number of cell phones and the number of taxis in a city 
CH) a person’s IQ and the time it takes the person to run 50 meters 


CD) the price of a pair of pants and the number sold 


3. Which inequality is nor equivalent to 4x + 1< 17? (TEKS A.5.B) 
CA) 3x+6<2x+10 —6x + 14> -10 
© -x-5>2x+7 @) Sx-S5<xt11 


4. GRIDDED ANSWER The equation of the 
line shown can be written in the standard 
form —2x + By = —8. What is the value 
of B? (TEKS A.2.C) 


5. The cost to rent a movie at a video store can be modeled by a linear function. The table 
shows the total costs of renting a movie for different lengths of time. Based on the table, 
which statement is true? (TEKS A.3.B) 


(©) The slope is 1.5. It represents the initial cost. Nigne? i oesireaee | 


) The slope is 1.5. It represents the rate per night. rented, x | (dollars), y | 
CH) The slope is 1.25. lt represents the initial cost. il [ 1.50 | 
CG The slope is 1.25. It represents the rate per night. D : i 2.75 | 

: 3 | 4.00 

4 5.25 

5 - 6.50 
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ANSWERS 


6. B 
Te 38 
. 8. A 
Which equation represents the line that passes through (0, 0) and is parallel to the line 
that passes through (2, 3) and (6, 1)? (TEKS A.2.E, TEKS A.3.A) lal 
® y= Oe a se 
Cy Oy -& 


7. In which step below does a mistake first appear in solving the equation 
—2(4 — x) + 5x = 6(2x — 3)? (TEKS A.5.A, TEKS A.J0.D) 


Step Se eral als 


Step 2 =hap she jleee — Ie 

Step 3 10 = 9x 

Step 4 x= 2 
) Step 1 G) Step 2 
GD Step 3 CD Step 4 


8. The table shows the daily high temperatures x (in degrees Fahrenheit) and the 
numbers y of frozen fruit bars sold on eight randomly selected days. Which of 
the following is a reasonable equation to model the data? (TEKS A.4.C) 


92 | 98 


Temperature (°F), x | 54 | 60 | 68 | 72 | 78 84 


} 
260 | 220 180 


Frozen fruit bars, y | 40 | 120 | 180 | 260 | 280 


@) y = 3x —50 @) y= —3x +50 
© y=x- 150 @ y=-x+ 150 


9. The ordered pairs (4, 7), (—2, 6), (0, 3). (—2, 1), (2, —1), and (4, 1) represent a 
relation. Based on the relation, which statement is true? (TEKS A.12.A) 


C) The relation is a function. 
@) The relation is not a function because one output is paired with two inputs. 
CHD The relation is not a function because one input is paired with two outputs. 


CG) The relation is not a function because the rate of change is not constant. 


10. Which of the following is enough information to write an equation of a line that does 
not pass through the origin? (TEKS A.2.B) 
I. two points on the line 
IL. the slope of the line 
Ill. both intercepts of the line 
IV. the slope and x-intercept of the line 


() Iand Il only I, III, and IV only 
©) Land IV only ©) 1, Il, and IV only 
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Chapter 4 215 


a oe ee 


_ Chapter 5 Guide | 

| Chapter Opener/_ ' 1 Day | 
Mathematical Thinking 

| Section 4 | ; 2 Days 
Section 2 2 Days 
Section 3 2 Days 
Section 4 2 Days 

| Quiz 1 Day 
Section 5 2 Days 
Section 6 2 Days 

| Section 7 3 Days 

eee lee 
Total Chapter 5 19 Days 


Year-to-Date 82 Days 


Texas Essential 
Knowledge and Skills 
Summary 


Section | 


oee 
P@ipAGIAGte 


a AGA arias ae 


| A2H, A3.D 


~s7 | ARH 
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_ Fruit Salad (p. 255) 


' 
- 
: 
B nox: = Drama Club (p. 228) 
| ; a | | 
Li cally proficient students can apply the mathematics they know to solve problems 
, society, aud the workplace. 7 
ee —— 


For an overview of this chapter, formative assessment tips, and teaching strategies, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Maintaining Mathematical Proficiency 


Dynamic Assessment & Progress Monitoring Too! 


Graphing Linear Functions (A.3.¢) Lesson Planning Tool 


Example 1 Graph3 + y= dx. Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 
Real-Life STEM Videos 


' Texas Essential 

Knowledge and Skills 
A.3.C The student is expected to graph 
linear functions on the coordinate plane 
and identify key features, including 


x-intercept, y-intercept, zeros, and slope, 
in mathematical and real-world problems. 


7.10.B The student is expected to 
represent solutions for one-variable, 
two-step equations and inequalities on 
number lines. 


Step 1 Rewrite the equation in slope-intercept form., , 


yain-3 


Step 2 Find the slope and the y-intercept. 


=—and b = —3 
i} Be 


Step 3 The y-intercept is —3. So, plot (0, —3). 


Step 4 Use the slope to find another point on the line. 


i 1 
slope = USE = = 
: run 2 


Plot the point that is 2 units right and | unit up from (0, —3). Draw a line 
through the two points. 


Graph the equation. 


1. y+4=x 2 ONG ll 3. 4x + 5y = 20 il =e Ne = she 


Solving and Graphing Linear Inequalities (7.10.8, 4.5.8) A.5.B The student is expected to solve 
linear inequalities in one variable, 
including those for which the application 
of the distributive property is necessary 
and for which variables are included on 


both sides. 


Example 2. Solve 2x — 17 < 8x — 5. Graph the solution. 
ea Nis wpe 5 Write the inequality. 


aED aE) Add 5 to each side. 
Te = WAKES ee Simplify. 

Subtract 2x from each side. 
Simplify. 


Divide each side by 6. 


ANSWERS 
Hie 


Simplify. 


> The solution is x = —2. 


~5 -4 -3 -2 -1 


Solve the inequality. Graph the solution. 


Bs fae at SS ©) 6. 24 < -6r Too Ha 3S M3) 


Si Sle = 4 Wh Ale — Mere fear 10. Jw + 122 2w —3 


ae 
11. ABSTRACT REASONING The graphs of the linear functions g and h have different slopes. The 
value of both functions at x = ais b. When g and / are graphed in the same coordinate plane, 
what happens at the point (a, b)? 
Dynamic Solutions available at BigideasMath.com 
For suggestions on Maintaining Mathematical Proficiency in your classroom, 2) 


see Laurie’s Notes at BigideasMath.com. 


Vocabulary..Review. 


Have students make Process Diagrams for the following topics. 


¢ Graphing a linear function using slope-intercept form 
e Solving and graphing a linear inequality 


4-11. See Additional Answers. 
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MONITORING PROGRESS 


i | Mathematically proficient students select tools, including real objects, 
ANSWERS Mathematical manipulatives, paper and pencil, and technology as appropriate, and 
il, (G, =3) Thin king techniques, including mental math, estimation, and number sense as 
5 ' appropriate, to solve problems. (A.1.C) 
2 (=! 
a: t i ? 
3 2.2) Using a Graphing Calculator 


G) Core Concept 


Finding the Point of Intersection 


You can use a graphing calculator to find the point of intersection, if it exists, of 
the graphs of two linear equations. 


Enter the equations into a graphing calculator. 


Graph the equations in an appropriate viewing window, so that the point of 
intersection is visible. 


Use the intersect feature of the graphing calculator to find the point of 
intersection. 


DON e ame Using a Graphing Calculator 


Use a graphing calculator to find the point of intersection, if it exists, of the graphs of 
the two linear equations. 


P= —ty 2 Equation 1 


y=3x-5 Equation 2 
SOLUTION 


The slopes of the lines are not the same, so 
you know that the lines intersect. Enter the 
equations into a graphing calculator. Then 
graph the equations in an appropriate 
viewing window. 


Use the intersect feature to find the point 
of intersection of the lines. 


Intersection 


Pp The point of intersection is (2, 1). 


Monitoring Progress 


Use a graphing calculator to find the point of intersection of the graphs of the 
two linear equations. 


ls SS SP sl Zeya ea actall a 26 2S 2 


y=5x-3 yH=x-2 2? 


Chapter 5 Solving Systems of Linear Equations 


For insights into Mathematical Thinking, see Laurie’s Notes at BigideasMath.com. 


If students need help... If students got it... 


Student Journal 


} * 
¢ Maintaining Mathematical Proficiency oe ESTE ace eo: SUE ARG ip 


Lesson Tutorials ae the next Section 


Se be SE Qe re 


Skills Review Handbook 
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Solving Systems of Linear 
Dynamic Teaching Tools 


Equations by Graphing 


Dynamic Assessment & Progress Monitoring Tool 


Essential Question How can you solve a system of linear 


Lesson Planning Tool 


TEXAS ESSENTIAL equations? 5 ; F 
3 FRG ui ESCURN SRE q ___ Interactive Whiteboard Lesson Library 
ee deel yNile\i Writing a System of Linear Equations Dynamic Classroom with Dynamic Investigations 
ape Work with a partner. Your family opens a bed-and-breaktast. They spend $600 
ASC P 


preparing a bedroom to rent. The cost to your family for food and utilities is 
$15 per night. They charge $75 per night to rent the bedroom. 


Texas Essential 
“e Knowledge and Skills 
A.2.1 The student is expected to write 
systems of two linear equations given 
a table of values, a graph, and a verbal 
description. 


a. Write an equation that represents the costs. 


Cost, C _ $15 per | Number of 


(in dollars) night nights, x ae! 


b. Write an equation that represents the revenue (income). 


Revenue,R _ $75 per | Number of 


(in dollars) ~ night * nights, x A.3.F The student is expected to graph 
APPLYING Fe a > ee systems of two linear equations in two 
Cc, set of two (or more) linear equations 18 Called a Syste} . . 
MATHEMATICS Write the system of linear equations for this problem. variables on the coordinate plane and 


To be proficient in math, 


Stn Uh determine the solutions if they exist. 
you need to identify 


important quantities in Using a Table or Graph to Solve a System A.3.G The student is expected to 
real-life problems and , estimate graphically the solutions to 
map their relationships Work with a partner. Use the cost and revenue equations from Exploration | to ; : ‘ 
using tools such as determine how many nights your family needs to rent the bedroom before recovering systems of two linear equations with 
diagrams, tables, the cost of preparing the bedroom. This is the break-even point. two variables in real-world problems. 
and graphs. 


A.5.C The student is expected to solve 
systems of two linear equations with two 
variables for mathematical and real-world 
problems. 


a. Copy and complete the table. 


|x (nights) | 0 ] | 2 
ee Like ae |__| 
lo JS ae 


R (dollars) 
b. How many nights does your family need to rent the bedroom before breaking even? ANSWERS 
il, 8h (= ilepese (00) 
c. In the same coordinate plane, graph the cost equation and the revenue equation bo oR = 75 
from Exploration 1. ; = toes 
ce C= 15x + 600 
d. Find the point of intersection of the two graphs. What does this point represent? Renee 


How does this compare to the break-even point in part (b)? Explain. 
2. a. See Additional Answers. 


b. 10 nights 


C. 


Communicate Your Anewer 


3. How can you solve a system of linear equations? How can you check your 
solution? 


4. Solve each system by using a table or sketching a graph. Explain why you chose 
each method. Use a graphing calculator to check each solution. 


ces) 
So 
ao 


a. y = —4.3x — 13 b. y=x Cyr — I 
y= 1.7x+ 4.7 Sei) y=3x+5 


Cost/Revenue 
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For a section overview and insights into this Exploration page, Days 
see Laurie’s Notes at BigideasMath.com. d. (10, 750); the point where both 
functions have the same x- and 
4. a. (—1,3); Sample answer: table because y-values; It is the same point; 
decimals are difficult to graph The break-even point is the point 
b. (2, 2); Sample answer: graph because it where both functions have the 
is easier to draw same x- and y-values. 


3. Graph both equations and find the 
point of intersection; Substitute the 
x-coordinate for x in both of the 
equations and verify that both results 
are the y-coordinate of the point of 
intersection. 


25 
it is easier to draw 


G& ( 2 1); Sample answer: graph because 


, Section 5.1 219 


Extra Example 1 
Tell whether the ordered pair is a solution 
of the system of linear equations. 


a. 


(a1) 

xt+ty=6 

2x-y=9 

Because the ordered pair (5, 1) is 
a solution of each equation, it is a 
solution of the linear system. 


Ni) 
ae 
y = 3x -2 


The ordered pair (—1, —5) is not a 
solution of the first equation. So, it is 
not a solution of the linear system. 


MONITORING PROGRESS 
ANSWERS 


220 


1. no 
74, ES 


Chapter 5 


CoreVocabulary.. 


system of linear equations, 
p. 220 


Previous 
linear equation 
| ordered pair 


\ei et cae eee oe 


| 
| equations, p. 220 
| 
i 
| 


READING 


1 

| Asystem of linear 

| equations is also called 
| a linear system. 
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solution of a system of linear 


ee 


What You Will Learn 


Pm Check solutions of systems of linear equations. 
P Solve systems of linear equations by graphing. 
p» Use systems of linear equations to solve real-life problems. 


Systems of Linear Equations 


ms is a set of two or more linear equations in the same 


variables. An example is shown below. 
x+y= Equation 1 


Equation 2 


tio a system | ear equations in two variables is an ordered pair that is a 
solution of each equation in the system. 


“EXAMPLE 1 


Checking Solutions 


Tell whether the ordered pair is a solution of the system of linear equations. 


a. (2,5); +y=7 Equation 1 hb, CB,Oe2 = at Equation 1 
2x —3y=-—11 Equation 2 yext4 Equation 2 

SOLUTION 
a. Substitute 2 for x and 5 for y in each equation. 

Equation 1 Equation 2 

ae = 7 Le = 3 = 1) 

y ? 
Dam is) = MD) = HG) = All 


ee Sie 


> Because the ordered pair (2, 5) is a solution of each equation, it is a solution of 
. 1 
the linear system. 


b. Substitute —2 for x and 0 for y in each equation. 


Equation 1 Equation 2 
y=-2x—4 y=xt4 

2 9 
Q= =2(—2) = 4 0=-2+4 


0=0 V7 042 XK 


> The ordered pair (—2, 0) is a solution of the first equation, but it is not a solution 
of the second equation. So, (—2, 0) is not a solution of the linear system. 


Monitoring Progress wf) Help in English and Spanish at BigideasMath.com 


Tell whether the ordered pair is a solution of the system of linear equations. 


2x+y=0 y=3x+1 


; = E 22, {Lap 
WSC 2) =p Dy = 8 e =P ir 


Solving Systems of Linear Equations 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigideasMath.com. 


meaning. 


| SUPPORTING English Language Learners 


Read aloud the topic Systems of Linear Equations. Point out that students should already be familiar 
with most of the words used in the explanation, but their use and arrangement here conveys new 


Beginning Repeat the individual words of each highlighted phrase. Then repeat the entire phrase. 
Intermediate/Advanced Read aloud the definitions of the highlighted phrases. 
Advanced High Explain the definitions using their own words. 


Solving Systems of Linear Equations by Graphing 


The solution of a system of linear equations is the point of intersection of the graphs of 
the equations. 


G Core Concept 


Solving a System of Linear Equations by Graphing 


Step 1 Graph each equation in the same coordinate plane. 


Step 2 Estimate the point of intersectign. 


Step 3 Check the point from Step 2 by substituting for x and y in each equation 
of the original system. 


REMEMBER 


Note that the linear 
equations are in 
slope-intercept form. You 
can use the method 
presented in Section 3.5 


“EXAMPLE 2 Solving a System of Linear Equations by Graphing 


Solve the system of linear equations by graphing. 


to graph the equations. y= —2x+ 5 Equation 1 
y=dx-—] Equation 2 
SOLUTION 


Step 1 Graph each equation. 


Step 2 Estimate the point of intersection. 
The graphs appear to intersect at (1, 3). 


Step 3 Check your point from Step 2. 


Equation 1 Equation 2 

ye eae 5) y=4x-] 
? Q 

3 2-5 3=4()-1 


53 3=3V/ 


> The solution is (1, 3). 


Monitoring Progress ) Help in Engiish and Spanish at BigideasMath.com 


Solve the system of linear equations by graphing. 


 pew=2 4. y=ix+3 5. 2xty= 
We pel y= —2x-5 3 = yp = 
Section 5.14 Solving Systems of Linear Equations by Graphing 221 


Differentiated Instruction — 


Visual 
| When graphing a system of equations, some students may benefit from using color to distinguish 
between the equations in the system. Have students use one color for the first equation and its 
graph and a different color for the second equation and its graph. 


Extra Example 2 

Solve the system of linear equations by 
graphing. 

Y= =X 9 

y=2x-1 


The solution is (2, 3). 


MONITORING PROGRESS 
ANSWERS 

3. Got) 

OGD) 

Oat) 


Section 5.1 


221 


Extra Example 3 Solving Real-Life Problems 


For the first tour on Monday, a museum Modeling with Mathematics 
sells 4 child tickets and 8 adult tickets aa 
for $128. For the second tour, the museum 
sells 6 adult tickets for $72. Find the 

price of one child ticket and the price of 
one adult ticket. child ticket: $8; adult 
ticket: $12 


A roofing contractor buys 30 bundles of shingles and 4 rolls of roofing paper for 
$1040. In a second purchase (at the same prices), the contractor buys 8 bundles of 
shingles for $256. Find the price per bundle of shingles and the price per roll of 
roofing paper. 


SOLUTION 


1. Understand the Problem You know the total price of each purchase and how 
many of each item were purchased. You are asked to find the price of each item. 


2. Make a Plan Use a verbal model to write a system of linear equations that 
represents the problem. Then solve the system of linear equations. 


| 3. Solve the Problem 


MONITORING PROGRESS 


ANSWERS 
6. 12 math problems, 6 science Warder. anid Paige ey d Price 4 = 1040 ; 
problems undle per ro} 
Price per Price 
7 bundle 7 per roll = 256 


Variables Let x be the price (in dollars) per bundle and let y be the 
price (in dollars) per roll. 

System 30x + 4y = 1040 Equation 1 
8x = 256 Equation 2 

Step 1 Graph each equation. Note that only 


the first quadrant is shown because 
x and y must be positive. 


Step 2 Estimate the point of intersection. The 
graphs appear to intersect at (32, 20). 


Step 3 Check your point from Step 2. 


Equation 1 Equation 2 
30x + 4y = 1040 8x = 256 
? ? 
3032) + 4(20) = 1040 8(32) = 256 


1040 = 1040 / 256 = 256 J 


P The solution is (32, 20). So, the price per bundle of shingles is $32, and the 
price per roll of roofing paper is $20. 


4. Look Back You can use estimation to check that your solution is reasonable. 
A bundle of shingles costs about $30. So, 30 bundles of shingles and 4 rolls of 
roofing paper (at $20 per roll) cost about 30(30) + 4(20) = $980, and 8 bundles 
of shingles costs about 8(30) = $240. These prices are close to the given values, 
so the solution seems reasonable. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


6. You have a total of 18 math and science exercises for homework. You have 
six more math exercises than science exercises. How many exercises do you 
have in each subject? 
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Closure 


¢ Phone Call: Write a brief script for a phone conversation with a friend who was not in class 
today. Explain what a system of linear equations is and how to solve a system of linear equations 


by graphing. 


222 Chapter 5 


5.1 Exercises 


equations? Explain. 


Solve the system of linear equations. 


Find the point of intersection 
of the graphs of the equations. 


Vocabulary and Core Concept Check 


1. VOCABULARY Do the equations Sy — 2x = 18 and 6x = —4y — 10 form a system of linear 


. DIFFERENT WORDS, SAME QUESTION Consider the system of linear equafions —4x + 2y = 4 
and 4x — y = —6. Which is different? Find “both” answers. 


Solve each equation for y. 


Find an ordered pair that is a solution 
of each equation in the system. 


Dynamic Solutions available at BigideasMath.com 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, tell whether the ordered pair is 
a solution of the system of linear equations. 
(See Example 1.) 


3. (2,6); nes, 4 62>, 2 Ioy = 4 
5. cee : 

see <a 14 

ih (Oa ae Barc 0c 


In Exercises 9-12, use the graph to solve the system of 
linear equations. Check your solution. 


9 x-y=4 
4x+y=1 


10. x+y=5 
y-2x=—-4 


11. 6y + 3x = 18 
—x + 4y = 24 


Section 5.1 


In Exercises 13-20, solve the system of linear equations 
by graphing. (See Example 2.) 


VE SP Sear 7 eh Sear al 


y=xtl y=2x-8 
eaaille — 3 

15. y=qxt2 16. y=sx—4 
y=ixts y=-gxt1l 

Ie Bear Sys) 18. 4x — 4y = 20 
22 = j= Sel y=-5 

19. x-4y=—-4 20. 3y + 4x =3 
= she = ay x+3y=-6 


ERROR ANALYSIS In Exercises 21 and 22, describe 
and correct the error in solving the system of linear 
equations. 


The solution of 
the linear system 
x— 3y= Gand 
2x-—Sy=3 
(= Wk 


The solution of 
the linear system 
y= 2x-—1and 
y=xt1 

isx= 2. 
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Assignment Guide and 


Homework Check 


ASSIGNMENT 
Basic: 1, 2, 3-21 odd, 27, 32-36 
Average: 1, 2-28 even, 32-36 


Advanced: 1, 2, 6-10 even, 
18-28 even, 29-36 


HOMEWORK CHECK 


Basic: 3, 9, 13, 27 
Average: 4, 10, 14, 28 
Advanced: 6, 10, 18, 28 


ANSWERS 


1. 


Me 


yes; They are two equations in the 
same variables. 


Solve each equation for y; 

= eae WW = abear CE (22, 2) 

yes 

no 

no 

yes 

yes 

yes 

(es) 

(3, 2) 

(p82) 

(0, 2) 

(3, 4) 

(4, 0) 

(2) 

(UZ, Sy 

(~1, 2) 

(Uses) 

(4,0) 

eS ) 

The graph of the second equation 

should be y = 3x — 1. 
te rae: 


1 


(3759) 
The solution needs to be an ordered 
pair; (2, 3) 
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USING TOOLS In Exercises 23-26, use a graphing 31. COMPARING METHODS Consider the equation 


. . calculator to solve the system of linear equations. Kate? eA 
Dynamic Teaching Tools oe .: 
; : : 23. 0.2x+04y =4 24. —1.6x — 3.2y = —24 a. Solve the equation using algebra. 
Dynamic Assessment & Progress Monitoring Tool (ox + 06 = —3 2.6x + 2.6y = 26 b. Solve the system of linear equations y = x + 2 
i i i and y = 3x — 4 by graphing. 
Interactive Whiteboard Lesson Library 15 eer ae eae 4 ) by E\eenS me, 
Dynamic Classroom with Dynamic investigations 05x +y=2 a+ y= 15 eHow ts the linear systeni and ie ee 
(b) related to the original equation and the solution 
27. MODELING WITH MATHEMATICS You have in part (a)? 
40 minutes to exercise at the gym, and you want to 
ANSWERS burn 300 calories total using both machines. How 32. HOW DO YOU SEE IT? A teacher is purchasing 
P28}, (CMO), 5) much time should you spend on each machine? binders for students. The graph shows the total costs 
24 (5 5) (See Example 3.) of ordering x binders from three different companies. 
, Elliptical Trainer Stationary Bike 


2> ye (le2 wr) 
26. (0.5, 0.5) 
27. 30 min on the elliptical trainer, 


Buying Binders 


<= 


Company B 


a 
Now 
wo 


Company A 


Cost (dollars) 
S 
o 


{0 min on the stationary bike - # Company C 
28. 12 small candles, 16 large candles q 50 
0 ay | 
29. A = 18x — 18; P = 6x + 6; (2, 18); 8 calories 6 calories —_— 
The value of the perimeter and the per minute per minute Number of binders | 


a. For what numbers of binders are the costs the 
same at two different companies? Explain. 


area of the rectangle will both be 
18 when x = 2. 


30-33. See Additional Answers. 
34. y=—-x+4 


28. MODELING WITH MATHEMATICS 
You sell small and large candles 
at a craft fair. You collect $144 
selling a total of 28 candles. 

How many of each type of candle 


b. How do your answers in part (a) relate to systems 
of linear equations? 


35. y=2x+3 did you sell? 
33. MAKING AN ARGUMENT You and a friend are going 
36. y= —3x + 20 29. MATHEMATICAL CONNECTIONS Write a linear hiking but start at different locations. You start at the 
equation that represents the area and a linear equation trailhead and walk 5 miles per hour. Your friend starts 
that represents the perimeter of the rectangle. Solve 3 miles from the trailhead and walks 3 miles per hour. 


the system of linear equations by graphing. Interpret 
your solution. 


(Gee = 3) ain 


6cm r 


== 
30. THOUGHT PROVOKING Your friend’s bank account } =] ‘Saen 


balance (in dollars) is represented by the equation 
y = 25x + 250, where x is the number of months. a. Write and graph a system of linear equations that 
Graph this equation. After 6 months, you want to represents this situation. 

have the same account balance as your friend. Write a 
linear equation that represents your account balance. 


Mini-Assessment 


1. Tell whether the ordered pair 
(—2, —2) is a solution of the system 


} 
of linear equations. | 


b. Your friend says that after an hour of hiking you 
will both be at the same location on the trail. Is 


De = Vie =) Interpret the slope and y-intercept of the line that your friend correct? Use the eraphifrenme meme 
= represents your account balance. : 
oa dy =2 <eniionin explain your answer. 
(—2, —2) is a solution of the Seat. ‘ ce 
t Maintaining Mathematical Proficiency Reviewing what you tearned in previous grades and lessons 
system. . 


Solve the literal equation for y. (Section /.4) 


2. Solve the system of linear equations 


: = Sane Deo ou Ue 
by graphing. 34. 10x + Sy = 5x + 20 35. 9x + 18 = 6y — 3x ely qos) = 3 
y=2x—-3 ; 
224 Chapter 5 Solving Systems of Linear Equations 
y=x+6 


If students need heip... If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


Student Journal 
e Practice 


The solution is (9, 15). Start the next Section 


. Rob has a total of 14 pens and 
markers. He has six more markers 
than pens. How many of each item 
does Rob have? 10 markers and 
4 pens 


Differentiating the Lesson 
Skills Review Handbook 
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TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


A.2.| 
ASC 


USING PRECISE 
MATHEMATICAL 
LANGUAGE 

To be proficient in math, 


you need to communicate 
precisely with others. 


Solving Systems of Linear 
Equations by Substitution 


Essential Question How can you use substitution to solve a system 


of linear equations? 


“EXPLORATION 1 Using Substitution to Solve Systems 


Work with a partner. Solve each system of linear equations using two methods. 


Method 1 Solve for x first. 

Solve for x in one of the equations. Substitute the expression for x into the other 
equation to find y. Then substitute the value of y into one of the original equations 
to find x. 

Method 2 Solve for y first. 


Solve for y in one of the equations. Substitute the expression for y into the other 
equation to find x. Then substitute the value of x into one of the original equations 


to find y. 

Is the solution the same using both methods? Explain which method you would prefer 

to use for each system. 

b. x —6y = —-11 
3x+2v=7 


e 4x+y=-1 
3x — Sy = -18 


fy gears = 7 
Shear = S) 


“EXPLORATION 2 Writing and Solving a System of Equations 


Work with a partner. 


a. Write a random ordered pair with integer 
coordinates. One way to do this is to use 
a graphing calculator. The ordered pair 
generated at the right is (-~2, —3). 


Choosetwo 
random integers 
between —5 and 5. 


randint(-5,5,2)* 


b. Write a system of linear equations that has {-2 -3} 


your ordered pair as its solution. 


c. Exchange systems with your partner and use 
one of the methods from Exploration | to 
solve the system. Explain your choice 
of method. 


Communicate Your Answer 


3. How can you use substitution to solve a system of linear equations? 


4. Use one of the methods from Exploration | to solve each system of linear 
equations. Explain your choice of method. Check your solutions. 


hy shar = = 7 b. x — 2y = -6 G S27 sp Be 0) 
2x-~y=-9 Qxt+y=-2 2x + y= —6 
d. 3x + 2y = 13 e. 3x-—2y=9 i eS P= 5 
x= BS 3) == Sys} 4x + 5y = 11 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


SUPPORTING English Language Learners 


Read aloud the Essential Question and instructions for Exploration 1 as students read along. Have 
students close their books and listen as you reread individual portions of what was read. Ask them 
to restate in their own words what was said, or ask questions to clarify what they don’t understand. 


Then have them complete the exploration in groups of mixed language abilities. 


Intermediate Explain what Work with a partner instructs students to do. 
Beginning Restate what the bold headings in Methods 1 and 2 say to do. 
Advanced Restate the process described for Method 1. 

Advanced High Restate the process described for Method 2. 


a | 


| ELPS 2.D.1 Monitor understanding of spoken language during classroom instruction and interactions. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.2.1 The student is expected to write 
systems of two linear equations given 


a table of values, a graph, and a verbal 
description. 


A.5.C The student is expected to solve 
systems of two linear equations with two 
variables for mathematical and real-world 
problems. 


ANSWERS 
J. a. (—2, —5); yes; Sample answer: 
Method 2 because both equations 
can be solved for y easily. 

b. (1, 2); yes; Sample answer: 
Method 1 because the first 
equation can be solved for 
x easily. 

ce. (—1, 3); yes; Sample answer: 
Method 2 because the first 
equation can be solved for 
y easily. 

2. a. Sample answer: (2, 4) 


b. Sample answer: y = x + 2 and 
abe = dhy = = 19 

c. Sample answer: y = x + 2 and 
3x — 4y = —10; (2, 4); Because 
the first equation is already solved 
for y, substitute that expression 
for y in the second equation. 


3. Solve one of the equations for one 
of the variables. Substitute the 
expression for that variable into the 
other equation to find the value of the 
other variable. Substitute this value 
into one of the original equations 
to find the value of the remaining 
variable. 
4. a. (—5, —1); Sample answer: The 
first equation can be solved for 
x easily. 
b. (—2, 2); Sample answer: The 
first equation can be solved for 
x easily. 
c. (2, -2); Sample answer: The 
second equation can be solved for 
y easily. 


4. d-f. See Additional Answers. 
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Extra Example 1 

Solve the system of linear equations by 
substitution. 

y=-x+3 

EN ap a= =) 

The solution is (—5, 8). 


MONITORING PROGRESS 


ANSWERS 
ee) 


2, (2) 
Sil) 
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What You Will Learn 


» Solve systems of linear equations by substitution. 
» Use systems of linear equations to solve real-life problems. 


Gore Vocabulary. 


Solving Linear Systems by Substitution 


Another way to solve a system of linear equations is to use substitution. 


G) Core Concept 


Solving a System of Linear Equations by Substitution 
Step 1 Solve one of the equations for one of the variables. 


Previous 

system of linear equations 

solution of a system of 
linear equations 


Step 2 Substitute the expression from Step 1 into the other equation and 
solve for the other variable. 


Step 3 Substitute the value from Step 2 into one of the original equations 
and solve. i 


EXAMPLE 1 Solving a System of Linear Equations 
by Substitution 


Solve the system of linear equations by substitution. 


P= =e) Equation 1 
one — Shy = MI) Equation 2 
SOLUTION 


Step 1 Equation | is already solved for y. 


Step 2 Substitute —2x — 9 for y in Equation 2 and solve for x. 


6x — Sy = -19 Equation 2 
ghee i 6x ~ 5(-2x — 9) = -19 Substitute —2x — 9 for y. . 
Equation 1 j | 6x + 10x + 45 = —19 Distributive Property 
aa ae léx + 45 = -19 Combine like terms, 
panes am DI 


== =A) O- 16x = —64 Subtract 45 from each side. 


A | = 
Sf) =l=si J x=-4 


iy r ry 
Equation 2 wT i 


Divide each side by 16. 


Step 3 Substitute —4 for x in Equation | and solve for y. 


, ySod= 9 Equation 1 
7 j e po = ; == =4)) = © Substitute —4 for x. 
par 2 sity 
Gey SN -1) = le al =8-9 Multiply, 


Pa -19=-19 J ==] Subtract. 
ly ; A. 4 > The solution is (—4, —1). 


if as v* i 
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Solve the system of Jinear equations by substitution. Check your solution. 


1. y=3x+ 14 2. 3x + 2y=0 
y= —4&x y=tx-1 


Zp So Soy = 7/ 
4x+y=-3 
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Solving Systems of Linear Equations 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


_ Some students may have difficulty deciding which equation to use for the expression to be 
substituted. Tell them to look first for an equation that is already solved for x or y and use that 

| equation. If neither equation is written like that, then they should look for an equation that has a 
variable with a coefficient of 1 or —1 and solve for that variable. 


EXAMPLE 2 Solving a System of Linear Equations 
by Substitution 
ANOTHER WAY Solve the system of linear equations by substitution. 


You could also begin by a Tae eins) Equation 1 
solving for x in Equation 1, 
solving for y in Equation 2, 
or solving for x in 
Equation 2. 


Syeday — all Equation 2 


SOLUTION 
Step 1 Solve for y in Equation 1. 


y=xt3 Revised Equation 1 


Step 2 Substitute x + 3 for y in Equation 2 and solve for x. 


3xt+ty=—l Equation 2 
Sovae Ges 3) = = Substitute x + 3 for y. 
a i Combine like terms. 
4x= —4 Subtract 3 from each side. 
= = Divide each side by 4. 
Step 3 Substitute —1 for xin Equation | and solve for y. 
—x + y— 3 Equation 1 
S( ||) se pHs Substitute —1 for x. 
y=2 Subtract 1 from each side. 


> The solution is (—1, 2). 


Algebraic Check Graphical Check | i 
jou btie’ A 


Equation 1 


ral fi? : 
=x yi 3 


eyes 
‘ ' 


ie 
, itis } Intersection 

, 1 Y=2 
Equation 2 shail ; 


pS aie yall 
ivi i 


: 
‘ 
Wee pe oy 
i a7) A 
a | ekS 
7 " 
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Solve the system of linear equations by substitution. Check your solution. 


a, ete p= =D Sh BE 
—3x+y=6 ae yr = M0 

GSS Le = ST 
ake = y= Il 3x — 2y =3 
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Extra Example 2 

Solve the system of linear equations by 
substitution. 

x-y=-4 

ax+y=4 

The solution is (0, 4). 


MONITORING PROGRESS 
ANSWERS 

4 (20) 
ie (= 2) 
6. (6,17) 
7 


eS 
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Extra Example 3 

There are a total of 124 students in the 
band. There are 12 more boys than girls 
in the band. Write a system of linear 
equations that represents this situation. 
How many boys and how many girls are in 
the band? 

x+y = 124 

X=yt+12 

The solution is (68, 56). So, there are 
68 boys and 56 girls in the band. 


MONITORING PROGRESS 


ANSWERS 
8. x+y = 64andx = yt 10; 
37 drama club students, 27 yearbook 
club students 
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STUDY TIP 
| You can use either of 
the original equations 
to solve for x. However, 
using Equation 2 requires 
fewer calculations. 
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- Closure 


Solving Real-Life Problems 


CN Vigeecme Modeling with Mathematics 


A drama club earns $1040 from a production, An adult 
ticket costs twice as much as a student ticket. Write a 


Tickets sold 


system of linear equations that represents this situation. Type | 
What is the price of each type of ticket? actu 64 
SOLUTION student Ise | 


J. Understand the Problem You know the amount earned, the total numbers of adult 
and student tickets sold, and the relationship between the price of an adult ticket 
and the price of a student ticket. You are asked to write a system of linear equations 
that represents the situation and find the price of each type of ticket. 


2. Make a Plan Use a verbal model to write a system of linear equations that 
represents the problem. Then solve the system of linear equations. 


3. Solve the Problem 


Words 64. Adultticket_. y55, Student — 1040 
price ticket price 
Adult ticket _ , , Student 
price ticket price 
Variables Let x be the price (in dollars) of an adult ticket and let y be the 


price (in dollars) of a student ticket. 


64x + 132y = 1040 
x= 2y 


System Equation 1 


Equation 2 
Step 1 Equation 2 is already solved for x. 


Step 2 Substitute 2y for. in Equation | and solve for y. 


64x + 132y = 1040 Equation 1 
64(2y) + 132y = 1040 Substitute 2y for x. 
260» = 1040 simplify. 
y=4 Simplify. 


Step 3 Substitute 4 for y in Equation 2 and solve for x. 


x= 2y Equation 2 
x = 2(4) Substitute 4 for y. 
x=8 Simplify. 


® The solution is (8, 4). So, an adult ticket costs $8 and a student ticket costs $4. 


4. Look Back To check that your solution is correct, substitute the values of x and 
y into both of the original equations and simplify. 


64(8) + 132(4) = 1040 
1040 = 1040 J 


8 = 2(4) 


Se J 
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8. There are a total of 64 students in a drama club and a yearbook club. The drama 
club has 10 more students than the yearbook club. Write a system of linear 
equations that represents this situation. How many students are in each club? 


Solving Systems of Linear Equations 


e Exit Ticket: Solve the system by substitution and by graphing. 


Vi 3X ste | 
ees 


(1, 4); check students’ graphs. 


5.2 Exercises 


Vocabulary and Core Concept Check 


1. WRITING Describe how to solve a system of linear equations by substitution. 


Dynamic Solutions available at BigideasMath.com 


2. NUMBER SENSE When solving a system of linear equations by substitution, how do you decide 


which variable to solve for in Step 1? 


a@ 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, tell which equation you would choose 


to solve for one of the variables. Explain. 


3. 


x + 4y = 30 4. 3x-y=0 
x—2y=0 2x+y=-10 
$x + 3y = It 6. 3x— 2y=19 
Sx-y=5 xty=8 
My 3 8. 3x + Sy = 25 
4x + 3y = -5 x~— 2y = —6 


In Exercises 9-16, solve the sytem of linear equations 


by substitution. Check your solution. (See Exaniples J 


and 2.) 

9. x=17—-4y 10. 6x-9=y 
y=x-2 y = —3x 

1. x= 16—-—4y 125 So Sys 
3x + 4y =8 wes Ge = & 

13. 2x =12 14. 2x-—y=23 
c= Sy = =) x~9=—-] 

1S. 5x+2y=9 5, Wilke = 7s = Ila 
Gacy = 3 x 2y = 4 

17. ERROR ANALYSIS Describe and correct the error in 


solving for one of the variables in the linear system 
8x + 2y = —12 and Sx —y = 4, 


x 


Step 1 5x-y=4 
—y=-5x+4 
y=5x-4 


Step2 5x—(5x—4)=4 


5x-—5x+4=4 
4=4 
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20. x + y = 15 and 20x + 12.5y = 270; 
11 one-person tubes, 4 cooler tubes 


i), 


20. 


Solving Systems of Linear Equations by Substitution 


18. 


ERROR ANALYSIS Describe and correct the error in 
solving for one of the variables in the linear system 
4x + 2y = 6and3x+ y=9, 


x Step1 Sxt+ty=9 
y=9- 3x 
Step2 4x+2(9—- 3x) =6 
4x+1&8—-6x=6 


-—2x=-12 
x=6 
StepS Sxty=9 
Sx+6=9 
Sx=3 
x=1 


MODELING WITH MATHEMATICS A farmer plants 
corn and wheat on a 180-acre farm. The farmer wants 
to plant thrce times as many acres of corn as wheat. 
Write a system of linear equations that represents this 
situation. How many acres of each crop should the 
farmer plant? (See Example 3.) 


MODELING WITH MATHEMATICS A company that 
offers tubing trips down a river rents tubes for a 
person to use and “cooler” tubes to carry food and 
water. A group spends $270 to rent a total of 15 tubes. 
Write a system of linear equations that represents this 
situation. How many of each type of tube does the 
group rent? 


Person Tube $20\) 
Cooler Tube $12.50 ; 
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Assignment Guide and 
Homework Check 


ASSIGNMENT 


Basic: 1, 2, 3-19 odd, 25, 30, 32, 
36-41 


Average: 1, 2-26 even, 30, 32, 36-41 
Advanced: 1, 2, 8-28 even, 29-41 


HOMEWORK CHECK 
Basic: 3, 9, 13, 19 
Average: 6, 10, 14, 20 
Advanced: 8, 12, 14, 20 


ANSWERS 


1. 


18. 


19. 


Solve one of the equations for one 
of the variables. Substitute the 
expression for that variable into 

the other equation to find the value 
of the other variable. Substitute 
this value into one of the original 
equations to find the value of the 
remaining variable. 

Sample answer: Look for the 
equation that has a variable with a 
coefficient of 1 or —1. 

Sample answer: x — 2y = 0; This 
equation can be solved for x easily. 
Sample answer: 2x + y = —10; This 
equation can be solved for y easily. 
Sample answer: 5x — y = 5; This 
equation can be solved for y easily. 
Sample answer: x + y = 8; This 
equation can be solved for x easily. 
Sample answer: x — y = —3; This 
equation can be solved for x easily. 
Sample answer: x — 2y = —6; This 
equation can be solved for x easily. 
(©), 3) 

(>) 

G7) 

G, 22) 

(6, 7) 

(37) 

(5, —8) 

(0, 2) 

In Step 2, the expression for y needs 
to be substituted in the other equation; 
8x + 2(5x — 4) = -12, 

eae ihe = = — 12, A 
Ue See a 
In Step 3, 6 should be substituted 
for x, not for y; 3(6) + y = 9, 

18+ y=9,y=-9 

x + y = 180 and x = 3y; 135 acres 
of corn, 45 acres of wheat 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations _ 


ANSWERS 

21. Sample answer: y = x + 2 and 
fear 2h = iS 

22. Sample answer: y — 2x = 12 and 
5 yy = lh 

23. Sample answer: x = + and 
x+y=—l16 

24. Sample answer: 2x + y = 5 and 
2x—y=55 

25. 8 five-point problems, 30 two-point 
problems 


26. 80 shares of Stock A, 120 shares of 
Stock B 


2s By sear 0 4r SO) = 1hsh0 
b. x = 67, y = 23 
Pee, FL Sear Dy = US = UO 
b. x = 86, y = 56 
29. a=4,b=5 
30. yes; Both equations only have 


1 variable and the variables are 
different. 


31-41. See Additional Answers. 


Mini-Assessment 


Solve the system of linear equations by 
substitution. 


lb = S— 
2X 5 = Ae?) 

(i = 
3X = y= 2 (24) 

3. A theater earns $3640 froma 
concert. An orchestra ticket costs 


three times as much as a balcony 
ticket. 


Ticket Type | Number Sold 
orchestra 148 


balcony 76 


Write a system of linear equations 
that represents this situation. What 
is the price of each type of ticket? 


148x + 76y = 3640 

x = 3y 

The solution is (21, 7); orchestra 
ticket: $21, balcony ticket: $7. 
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In Exercises 21-24, write a system of linear equations 30. MAKING AN ARGUMENT Your friend says that given 
that has the ordered pair as its solution. a linear system with an equation of a horizontal line 
and an equation of a vertical line, you cannot solve 

Zi (Ces) pee) the system by substitution. Is your friend correct? 

Explain. 

23. (=4, =12) 24. (15, -25) ere 

31. OPEN-ENDED Write a system of linear equations in 
which (3, —5) is a solution of Equation | but not a 
solution of Equation 2, and (—1, 7) is a solution of 


25. PROBLEM SOLVING A math test is worth 100 points 
and has 38 problems. Each problem is worth either 
5 points or 2 points. How many problems of each 


th tem. 
point value are on the test? mee 
26. PROBLEM SOLVING An investor owns shares of 32. HOW DO YOU SEE IT? The graphs of two linear 
Stock A and Stock B. The investor owns a total of equations are shown. 


200 shares with a total value of $4000. How many 
shares of each stock does the investor own? 


Stock Price 


{ 
| A $9.50 | 
| | 


B $27.00 


MATHEMATICAL CONNECTIONS In Exercises 27 and 28, 
(a) write an equation that represents the sum of the 


angle measures of the triangle and (b) use your equation a, At what point do the lines appear to intersect? 
and the equation shown to find the values of x and y. b. Could you solve a system of linear equations by 
oy), substitution to check your answer in part (a)? 
Explain. 
Oo 33. REPEATED REASONING A radio station plays a total 


of 272 pop, rock, and hip-hop songs during a day. The 
number of pop songs is 3 times the number of rock 
songs. The number of hip-hop songs is 32 more than 
the number of rock songs. How many of each type of! 
song does the radio station play? 


28. 


34. THOUGHT PROVOKING You have $2.65 in coins. 
Write a system of equations that represents this 

: situation. Use variables to represent the number of 

29. REASONING Find the values of a and b so that the each type of coin, 
solution of the linear system is (—9, 1). eros 


ax + by = —-3] Equation 1 


ax — by = -4] Equation 2 3S. NUMBER SENSE The sum of the digits of a 


two-digit number is 11. When the digits are reversed, 
the number increases by 27. Find the original number. 


Mainta ining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Find the sum or difference. (Skills Review: Handbook) 


36. (x-—4)+(2x-7) yh (Gy — 1D) 4: (Sy — 0) 


© = 8) — (2 1s 39. (6d + 2) — (3d — 3) 


40. 4(m + 2) + 3(6m — 4) Aa), PAG SP )) = (el(= Ci ap) 
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if students need help... If students got it... 


Resources by Chapter _ Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
© Puzzle Time ¢ Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


Solving Systems of Linear 
Equations by Elimination 


Essential Question How can you use elimination to solve a system 


of linear equations? 


“EXPLORATION 1 Writing and Solving a System of Equations 


Work with a partner. You purchase a drin® and a sandwich for $4.50. Your friend 
purchases a drink and five sandwiches for $16.50. You want to determine the price of 
a drink and the price of a sandwich. 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


Ald 
ANEKE 


a. Let x represent the price (in dollars) of one drink. Let y represent the price 
(in dollars) of one sandwich. Write a system of equations for the situation. Use 
the following verbal model. 


Number Price 


P Number of | Price per _ Total 
of drinks per drink 


sandwiches sandwich price 
Label one of the equations Equation | and the other equation Equation 2. 


b. Subtract Equation 1 from Equation 2. Explain how you can use the result to solve 
the system of equations. Then find and interpret the solution. 


4 gRO)v-Nute)\iray Using Elimination to Solve Systems 


Work with a partner. Solve each system of linear equations using two methods. 


USING 
PROBLEM-SOLVING 
STRATEGIES 


To be proficient in math, 
you need to monitor and 
evaluate your progress 
and change course using 
a different solution 
method, if necessary. 


Method 1 Subtract. Subtract Equation 2 from Equation |. Then use the result to 
solve the system. 


Method 2 Add. Add the two equations. Then use the result to solve the system. 

Is the solution the same using both methods? Which method do you prefer? 

b. 2x +y =6 
2x—-—y=2 


a. 3x-—y=6 
3x + y=0 


Ste INeNIEN Using Elimination to Solve a System 


Work with a partner, 


Cx —2y=—-7 
x+2y=5 


w+y=7 
se5r Sy 17) 


Equation 1 
Equation 2 


a. Can you eliminate a variable by adding or subtracting the equations as they are? 
If not, what do you need to do to one or both equations so that you can? 


b. Solve the system individually. Then exchange solutions with your partner and 
compare and check the solutions. 


Communicate Your Answer 


4. How can you use elimination to solve a system of linear equations? 


5. When can you add or subtract the equations in a system to solve the system? 
When do you have to multiply first? Justify your answers with examples. 


6. In Exploration 3, why can you multiply an equation in the system by a constant 
and not change the solution of the system? Explain your reasoning. 
231 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


| SUPPORTING English Language Learners 


Read aloud the Essential Question. Have students work in pairs of mixed language abilities to 
complete Exploration 1. 


Beginning/Advanced Advanced students read aloud the problem setup and instructions in part (a). | 
Beginning students read aloud the elements of the given verbal model. They work together to complete 
part (a). Advanced students provide the explanation for part (b). 

Intermediate/Advanced High Intermediate students read aloud the problem setup. Advanced 
High students read part (a). They work together to complete part (a) and provide the explanation 
for part (b). 


ELPS 3.E Share information in cooperative learning interactions. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


4 


Texas Essential 
Knowledge and Skills 


A.2.1 The student is expected to write 
systems of two linear equations given 
a table of values, a graph, and a verbal 
description. 


A.5.C The student is expected to solve 
systems of two linear equations with two 
variables for mathematical and real-world 
problems. 


ANSWERS 


1. 


a. Equation 1: x + y = 4.5; 
Equation 2: x + Sy = 16.5 

b. 4y = 12; Solve the resulting 
equation for y. Then substitute the 
value of y into one of the original 
equations and solve for x; 
(1.5, 3); Drinks cost $1.50 and 
sandwiches cost $3. 

a. (1, —3); yes; Sample answer: 
method 2 

b. (2, 2); yes; Sample answer: 
method 2 

c. (—1, 3); yes; Sample answer: 
method 1 

a. no; Sample answer: Multiply 
each side of Equation 2 by -2. 

bie 3) 

Multiply, if necessary, one or both 

equations by a constant so one 

pair of like terms has the same or 

opposite coefficients. Add or subtract 

the equations to eliminate one of 

the variables. Solve the resulting 

equation. Then substitute the value 

of the variable found into one of the 

original equations and solve for the 

other variable. 


when one of the variables has the 
same or opposite coefficients in 

both equations; Sample answer: 

x + 3y = 2 and —x + 5y = 7; when 
neither of the variables has the same 
nor opposite coefficients in both 
equations; Sample answer: 

Spe = yy = 2 eiael ee — Sp — 15) 
Multiplication Property of Equality; 
Multiplying each side of an equation 
by the same nonzero number 
produces an equivalent equation. 
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Extra Example 1 

Solve the system of linear equations by 
elimination. 

—2x + 3y=4 

2x-y=-8 

The solution is (—5, —2). 
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What You Will Learn 


P Solve systems of linear equations by elimination. 


pP Use systems of linear equations to solve real-life problems. 


! Core Vocabulary. ‘rarellt aminati 
Solving Linear Systems by Elimination 


Previous 
| coefficient - © Core Concept 


Solving a System of Linear Equations by Elimination 


Step 1 Multiply, if necessary, one or both equations by a constant so at least one 
pair of like terms has the same or opposite coefficients. 


Step 2 Add or subtract the equations to eliminate one of the variables. 
Step 3 Solve the resulting equation. 


Step 4 Substitute the value from Step 3 into one of the original equations and 
solve for the other variable. 


You can use elimination to solve a system of equations because replacing one 
equation in the system with the sum of that equation and a multiple of the other 
produces a system that has the same solution. Here is why. 


System 1 Consider System 1. In this system, @ and ¢ are algebraic expressions, and } and d are 
nan Equation 1 constants. Begin by multiplying each side of Equation 2 by a constant k. By the 
maa Equation 2 Multiplication Property of Equality, kc = kd. You can rewrite Equation | as 

Equation 3 by adding ke on the left and kd on the right. You can rewrite Equation 3 as 
System 2 Equation 1 by subtracting ke on the left and kd on the right. Because you can rewrite 
a+ke=b+kd — Equation 3 either system as the other, System | and System 2 have the same solution. 
ore Edpeley: SEN tae Solving a System of Linear Equations 
by Elimination 
Solve the system of linear equations by elimination. 
3x + 2y =4 Equation 1 
3 Ly 4 Equation 2 
SOLUTION 
Step 1 Because the coefficients of the y-terms are opposites, you do not need to 
multiply either equation by a constant. 
Step 2 Add the equations. 
Check 3x + 2y = 4 Equation 1 
Equation 1 L» 3x — 2y = —4 Equation 2 
6x =0 Add the equations. 
3x + 2y = 4 2 : 
Oana : 
3(0) + 2(2) = 4 Step 3 Solve for x. 
ea JZ 6x = 0 Resulting equation from Step 2 
' x=0 Divide each side by 6. 
Equation 2 : : Se F 
E : | Step 4 Substitute 0 for x in one of the original equations and solve for y. 
eat i oa a 
4 0) ~ 212) a Ack J 3x + 2y = 4 Equation 1 
: os Ve 4 3(0) + 2y = 4 Substitute 0 for x. 
\ ‘ ‘ — es 5: a 


y=2 Solve for y. 
> The solution is (0, 2). ; 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


| Pair Activity 
Pair each English learner with an English speaker. Ask one student to solve a system of equations 
| by elimination and the other student to describe the steps in the process. Have students alternate 
solving and describing the process as they continue to solve several systems of equations. 


Solving a System of Linear Equations 
EXAMPLE 2 gee ae 
L EXAMPLE 2 | by Elimination Extra Example 2 


Solve the system of linear equations by elimination. Solve the system of linear equations by 
ANOTHER WAY —10x + 3y=1 Equation 1 elimination. 
To use subtraction to Sot = by = 23 Equation 2 Bh a A I 
eliminate one of the —6x —5Sy=2 
variables, multiply SOLUTION h | _ ‘ 
Equation 2 by 2 and then Step 1 Multiply Equation 2 by —2 so that the coefficients of the x-terms The solution is (—2, 2). 
subtract the equations. are Opposites. oe 
Ss —10x + 3y =] -10x+3y=1 Equation MONITORING PROGRESS 


=(S10" = = = = —5x — 6y = 23 | Muttiply by ~2. 4 10x + 12y = —46 Revised Equation 2 ANSWERS 
Step 2 Add the equations. Mo (le, 2) 
SOx mes eal Equation 1  (G, =O) 
10x + 12y = —46 Revised Equation 2 3. (2,5) 
lSy = ~45 Add the equations. 
Step 3 Solve for y. 
[Sy = —45 Resulting equation from Step 2 
y=-3 Divide each side by 15. 
Step 4 Substitute —3 for y in one of the original equations and solve for x. 
SLES SS OVS Equation 2 
Sur = (os) = Bs Substitute —3 for y. 
=e ap Ie 2s) Multiply. 
=Sy5 = 5) Subtract 18 from each side. 
c= Divide each side by —5. 
aaa > The solution is (—1, —3). 
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Solve the system of linear equations by elimination. Check your solution. 


le Bie ae ees 7 2. x — 3y = 24 3. x + 4y = 22 
—3x+4y=5 3x + y = 12 4x+ y= 13 
Concept Summary 


Methods for Solving Systems of Linear Equations 


Method When to Use 
Graphing (Lesson 5./) To estimate solutions 
Substitution When one of the variables in one of the 
(Lesson 5.2) - equations has a coefficient OY Il @r—l { 


Elimination | When at least one pair of like terms has the | 

(Lesson 5.3) same or opposite coefficients 

Elimination (Multiply First) ; When one of the variables cannot be eliminated 
| (Lesson 5.3) by adding or subtracting the equations 
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Extra Example 3 Solving Real-Life Problems 


The graph represents the Candle Shop's Been iRSem Modeling with Mathematics 
. . Classroom Teacher 
monthly store and online sales. During in ¥,_21 Sei The graph represents the average salaries of classroom teachers in two school districts. 
what month were the sales eq ual? pes _| — District A} - | During what year were the average salaries in the two districts equal? What was the 
What were the store and online sales for = £ go || — District B average salary in both districts in that year? 
5 : 4 
that month? Bee eat) SOLUTION 
ie) 
ae 1. Understand the Problem You know two points on each line in the graph. You 
o ; ; i i : 
Candle Shop Sales s a 40 are asked to determine the year in which the average salaries were equal and then 
Z 3 determine the average salary in that year. 
) oe 2, Make a Plan Use the points in the graph to write a system of linear equations. 
& Then solve the system of linear equations. 
= °9 10 20 30 x} 3. Solve the Problem Find the slope of each line. 
= Years since 1985 r. = 
eS . rl District A: m = a = 2 = z District B: m = v= = 2 = ¢ 
TC 
= Use each slope and a point on each line to write equations of the lines. 
s District A District B 
[e) 
‘s y— ¥y, = m&X— x) Write the point-slope form. By = Ge = 2) 
~— 
y- 25= ix = 5) Substitute for m, x,, and y;. y-35= Se = 10) 
Months 
since January —Tx + 4y = 65 Write in standard form. —6x + 5y = 125 
- System —7x + 4y = 65 Equation 1 
—6x + 5y = 125 Equation 2 
May; $28,000 
yi > Step 1 Multiply Equation 1 by —5. Multiply Equation 2 by 4. 
eee —tx+4y= 65 EIEN 35x - 20y = - sed Equat 
y = 65 Spe = yy = 35) Revised Equation 1 
MONITORING PROGRESS inpempleg bets are sty 20500 
ANSWERS equations are multiplied nae | Mutiply by 4. ig 7 Revised Ea 
} \ 
4 Sample answer: —x + 2y = 16and by a constant so that the Step Z Add the equations. 
‘ fficients of the y-t ; ; 
=seap ee = Os Gk, WILD) & ceases Sat si = Wp = 35} Revised Equation 1 
—24x + 20y = 500 Revised Equation 2 
iiss = 175 Add the equations. 


Step 3 Solving the equation !1x = 175 gives x = & = 15.9. 


Step 4 Substitute = for x in one of the original equations and solve for y. 


—7x + 4y = 65 Equation 1 
-7( 133) + 4y = 65 Substitute * for x. 
y = 44 Solve for y. 


p> The solution is about (15.9, 44). Because x ~ 15.9 corresponds to the 
year 2000, the average salary in both districts was about $44,000 in 2000. 


4. Look Back Using the graph, the point of intersection appears to be about (15, 45). 
So, the solution of (15.9, 44) is reasonable. 
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4. Write and solve a system of linear equations represented by the graph at the left. 
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| Closure 


e Example/Non-example: Students have learned to solve systems of linear equations by 


graphing, substitution, and elimination. Although any linear system can be solved by any of the 
three methods, the approach selected usually depends on what the system looks like. For each 
of the three methods, have partners write a system that they would (example) and would not 
(non-example) solve using that method. When presented, listen for justification of why students 
would or would not use that method for the system written. Give feedback as needed. 
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5.3 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


OPEN-ENDED Give an example of a system of linear equations that can be solved by first adding 


the equations to eliminate one variable. 


- WRITING Explain how to solve the system of linear equations 
by elimination. 


2x — 3% = —4 Equation 1 
—5x+9y=7 Equation 2 
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In Exercises 3-10, solve the system of linear equations 
by elimination. Check your solution. (See Example J.) 


2 


Sear oy 113) 4. 9x +y=2 
=< y— 5 —4x-—y=-~17 
5x + 6y = 50 6. —x+y=4 
% = Oy = —26 x+ 3y=4 
=o = SS 7) 8. 4x — 9y = -2] 
—4x + 5y = 14 —4x —- 3y =9 
—-y — 10 = 6x 10. 3x—- 30=y 
5x+y=-10 Ty — 6 = 3x 


In Exercises 11-18, solve the system of linear equations 
by elimination. Check your solution. (See Examples 2 


and 3.) 
1. x+y=2 12. 8x — 5y=11 
2x + Ty =9 Day 
13. 11x — 20y = 28 14. 10x — 9y = 46 
3x + 4y = 36 —2x + 3y = 10 
1S. 4x —3y =8 16. —2x—5y=9 
5x — 2y= —-11 3x + lly=4 
17. 9x + 2y = 39 18. 12x—7y = -2 
6x + L3y = -9 &x + Ily = 30 
19. ERROR ANALYSIS Describe and correct the error in 


solving for one of the variables in the linear system 
5x ~ 7y = 16 andx + 7y = 8. 


x 5x—- 7y= 16 
x+ 7y=8 
4x = 24 


x=6 
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Solving Systems of Linear Equations by Elimination 


20. ERROR ANALYSIS Describe and correct the error in 
solving for one of the variables in the linear system 


4x + 3y = 8 andx — 2y = —13. 
x. 4x+ 35y=8 
x—2y=-15 ESE - 4+ 6y=-13 
1ly=-5 
== 
4 


21. MODELING WITH MATHEMATICS A service center 
charges a fee of x dollars for an oil change plus 
y dollars per quart of oil used. A sample of its sales 
record is shown. Write a system of linear equations 
that represents this situation, Find the fee and cost 
per quart of oil. 


: B C 
4 CLStOniBte Oil Tank Size _— Total 
. (quarts) Cost | 
ee OA t~‘“‘—CSB‘C™C«#CRD.«A' 
a a 
= 


22. MODELING WITH MATHEMATICS 


ieee, [High School Principal 


n 
°. 


the average salaries of = : 
ot [= State A 
— State B 


high school principals 

in two states. During 

what year were the 120] “(22, 100), 
average salaries in 
the two states equal? 
What was the average 
salary in both states 
in that year? 


40 


Average salary 
(thousands of dollars) 


0 10 20 30x 


Years since 1985 


235 


Assignment Guide and 


Homework Check 


ASSIGNMENT 


Basic: 1, 2, 3-21 odd, 22, 23, 28, 29, 
36-42 


Average: 1, 2-28 even, 29, 34, 36-42 


Advanced: 1, 2, 8, 10, 16-26 even, 
27-42 


HOMEWORK CHECK 
Basic: 3, 11, 15, 21 
Average: 4, 12, 16, 22 
Advanced: 8, 16, 18, 22 


ANSWERS 
1. Sample answer: x + 3y = 5 and 
—x+4y= 10 


2. Sample answer: Multiply each side 
of Equation | by 3. Add the equations 
to eliminate y. Solve the resulting 
equation for x. Substitute the value of 
x into one of the original equations 
and solve for y. 


S& (1. @) 

4. (—3, 29) 
So (4,5) 

Gs (=2,%) 

Te (= 1,2) 

be (= 3, 1D) 
GO, =10) 
10. (12, 6) 

DL Gia) 

1, (@, tb) 

3% (Cs, 3) 

14. (19, 16) 
SG ale 
Nes, (=, S) 
Wis (S, =3) 
Wes, (GL, 2) 

II, Bye ah ge s= Ge Gar = Dae = al 


20. The right side of the second equation 
did not get multiplied by +4; 
—4x + 8y = 52, lly = 60,y =% 
21. x + Sy = 22.45 and x + 7y = 25.45; 


$14.95 fee, $1.50 per quart of oil 
22. 1998; about $73,400 
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Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

23. (2, —1); Sample answer: elimination 
because y has the same coefficient in 
both equations 

24. (—5. —3); Sample answer: 
substitution because the second 
equation is already solved for x 

25. (4,6); Sample answer: substitution 
because the second equation is 
already solved for y 


a 4 . 
26. (A —2); Sample answer: substitution 
because y has a coefficient of 1 in the 


first equation 


27. 4 and —4; These values yield x terms 
with either the same or opposite 
coefficients. 


28. a. Sample answer: 10 breakfast, 


15 lunch 

b y=x+Sandx+y=25 

c. Solve the linear system in part (b) 
using substitution and compare 
the solution to the answers in 
part (a). 

29. no; Sample answer: The system 
8x — 5y = 11 and 4x — 3y = 5 
can be solved by elimination in 
fewer steps than it can be solved by 
substitution. 

30. Sample answer: 3x + 4y = 12 and 
3x — 4y = 6 

31. a. 2@ and 2w = 18 and 

6£ + 4w = 46; length: 5 in.; 
width: 4 in. 
b. length: 15 in.; width: 8 in. 

32-42. See Additional Answers. 


| Mini-Assessment 


Solve the system of linear equations 
by elimination. 


1. 3x +y= 14 
4x -—y=0 
(2, 8) 

ae oe ae 7 = I 
=a ys Se 
G3) 
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In Exercises 23-26, solve the system of linear equations 
using any method. Explain why you chose the method. 


23. 3x+2y=4 20 6G 
2y = 8 — 5x y-2=x 
25. y-x=2 26. 3xt y= 


y=~ix+7 2x —3y=4 


27. WRITING For what values of a can you solve the 


linear system ax + 3y = 2 and 4x + 5y = 6 by 
elimination without multiplying first? Explain. 


28. HOW DO YOU SEE IT? The circle graph shows the 
results of a survey in which 50 students were asked 


about their favorite meal. 


Favorite Meal 


Dinner 


25 


a. Estimate the numbers of students who chose 
breakfast and lunch. 


b. The number of students who chose lunch was 
5 more than the number of students who chose 


30. 


31. 


B2e 


38), 


THOUGHT PROVOKING Write a system of linear 
equations that can be added to eliminate a variable 
or subtracted to eliminate a variable. 


MATHEMATICAL CONNECTIONS A rectangle has a 
perimeter of 18 inches. A new rectangle is formed 
by doubling the width w and tripling the length Z, 
as shown. The new rectangle has a perimeter P 

of 46 inches. 


a. Write and solve a system of linear equations to 
find the length and width of the original rectangle. 


b. Find the length and width of the new rectangle. 


CRITICAL THINKING Refer to the discussion of 
System | and System 2 on page 232. Without solving, 
explain why the two systems shown have the 

same solution. 


System 1 


3x — 2y = 8 
x+y=6 


System 2 
5x = 20 
x+y=6 


Equation 1 
Equation 2 


Equation 3 
Equation 2 


PROBLEM SOLVING You are making 6 quarts of 

fruit punch for a party. You have bottles of 100% fruit 
juice and 20% fruit juice. How many quarts of each 
type of juice should you mix to make 6 quarts of 80% 


breakfast. Write a system of linear equations that 
represents the numbers of students who chose 
breakfast and lunch. 


c. Explain how you can solve the linear system in 
part (b) to check your answers in part (a). 


29. MAKING AN ARGUMENT Your friend says that any 
system of equations that can be solved by elimination 
can be solved by substitution in an equal or fewer 
number of steps. Is your friend correct? Explain. 


infinitely inany solutions. 
36. 5d-8=1+ 5d 


(Section 1.3) 


given line. (Section 4.4) 
40. (4,-1);y = —-2x+7 41. 
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if students need help. 


Resources by Chapter 
¢ Practice A and Practice B 
e Puzzle Time 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Solve the equation. Determine whether the equation has one solution, uo solution, or 


295 se Hy ee 1 = al 
33, Sip se 2 = Gn = Si) Bk), 


Write an equation of the line that passes through the given point and is parallel to the 


(LORY = Se = 3 


fruit juice? 


34. PROBLEM SOLVING A motorboat takes 40 minutes 


to travel 20 miles downstream. The return trip takes 


60 minutes. What is the speed of the current? 


35. CRITICAL THINKING Solve for x, y, and z in the 
system of equations. Explain your steps. 


g65° 7h) ae Sees 2D Equation 1 
BYE or de oy = 7 Equation 2 
Sy = 10 — 2x Equation 3 


=a = ON) = on = 112 


g20(- 5-2) =x 


Solving Systems of Linear Equations 


Resources by Chapter 
e Enrichment and Extension 
¢ Cumulative Review 


Student Journal 


e Practice 


Start the next Section 


1 


Differentiating the Lesson 
Skills Review Handbook 


Solving Special Systems 


of Linear Equations 


Essential Question Can a system of linear equations have no 


TEXAS ESSENTIAL solution or infinitely many solutions? 
KNOWLEDGE AND SKILLS 


Ae “EXPLORATION 1 Using a Table to Solve a System 


oe 
A.5.C Work with a partner. You invest $450 for equipment to make skateboards. The 
materials for each skateboard cost $20. You sell each skateboard for $20. 


a. Write the cost and revenue equations. Then copy and complete the table for your 
cost C and your revenue R. 
: | Fe ee | 
4 a ian aE 
L ae 
: eenedtty | 
| Sonia 


al 


aes Lepper en ear 


Ix Oe tcieans | 0 ] | 2 
: (dollars) 7 | 
a i { 
(eae 


R (dollars) | 


4 
| 
| 


b. When will your company break even? What is wrong? 
APPLYING 


MATHEMATICS ia Re] Yule) ira) Writing and Analyzing a System 


To be proficient in math, Work with a partner, A necklace and matching bracelet have two types of beads. 
you need to interpret The necklace has 40 small beads and 6 large beads and weighs 10 grams. The bracelet 
mathematical results in has 20 small beads and 3 large beads and weighs 5 grams. The threads holding the 
real-life contexts. beads have no significant weight. 


a. Write a system of linear equations that represents the situation. Let x be the weight 
(in grams) of a small bead and let y be the weight (in grams) of a large bead. 


b. Graph the system in the coordinate plane shown. y 
What do you notice about the two lines? 5 
c. Can you find the weight of each type of bead? 15 s 
Explain your reasoning. 
1 
0.8 
. 0 
Communicate Your Answer Ol Cea 


3. Can a system of linear equations have no solution or infinitely many solutions? 
Give examples to support your answers. 


4. Does the system of linear equations represented by each graph have no solution, 
one solution, or infinitely many solutions? Explain. 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.2.1 The student is expected to write 
systems of two linear equations given 


a table of values, a graph, and a verbal 
description. 


A.3.F The student is expected to graph 
systems of two linear equations in two 
variables on the coordinate plane and 
determine the solutions if they exist. 
A.5.C The student is expected to solve 
systems of two linear equations with two 
variables for mathematical and real-world 
problems. 


ANSWERS 


' 1. See Additional Answers. 
2. a. 40x + 6y = 10; 20x + 3y = 5 


i es i at 
40x + 6y = 10 


They are the same line. 

c. no; Because the equations are 
equivalent, there are infinitely 
many solutions. 

3. yes; Sample answer: The system 

y = 3x and y = 3x + | has no 

solution. The system y = 3x and 

2y = 6x has infinitely many solutions. 


4. a. one solution; The lines intersect 
at one point. 


b. no solution; The lines do not 
intersect. 


c. infinitely many solutions; The 
lines are the same line. 
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Extra Example 1 

Solve the system of linear equations. 
y=3x+2 

y=3x-1 

The equation —1 = 2 is never true. So, the 
system of linear equations has no solution. 
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What You Will Learn 


Determine the numbers of solutions of linear systems. 
p> Use linear systems to solve real-life problems. 


Core Vocabulary. The Numbers of Solutions of Linear Systems 


Previous 
| og G) Core Concept 


Solutions of Systems of Linear Equations 


A system of linear equations can have one solution, no solution, or infinitely 
many solutions. 


One solution No solution Infinitely many solutions 
y y ¥y 
ANOTHER WAY x x x 
You can solve some linear 
systems by inspection. In 
Example 1, notice you can 
rewrite the system as The lines intersect. The lines are parallel. The lines are the same. 
Sap = | 
2s 
This system has no >@NViaeam Solving a System: No Solution 
solution because —2x + y 
cannot be equal to both Solve the system of linear equations. 
eine! ser y=2x+1 Equation 1 
y=2x-5 Equation 2 
SOLUTION 


Method 1 Solve by graphing. 


Graph each equation. 


The lines have the samc slope and different 
y-intercepts. So, the lines are parallel. 


Because parallel lines do not intersect, 
there is no point that is a solution 
of both equations. 


> So, the system of linear equations 
has no solution. 


Method 2 Solve by substitution. 


Substitute 2x — 5 for y in Equation 1. 


STUDY TIP y= Bear ll Equation 1 
A linear system with 2x -5=2x4+ 1 Substitute 2x — 5 for y. 
no solution is called an 


inconsistent system. =.) = || x Subtract 2x from each side. 


> The equation —5 = 1 is never true. So,-the system of linear equations 
has no solution. 


238 Chapter 5 Solving Systems of Linear Equations 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


English Language Learners 


haratp Activity 
| Form groups of English learners and English speakers. Give each group three large index cards 

| and have students write one of the following phrases on each card: one solution, no solution, and 
| infinitely many solutions. One at a time, show students graphs of linear systems that illustrate all 
| three types of solutions. Have each group discuss the graph and then hold up the card with the 
| correct description for the solution of the system. 


ANOTHER WAY 


You can also solve the 
linear system by graphing. 
The lines have the same 


EXAMPLE 2 Solving a System: Infinitely Many Solutions 


Solve the system of linear equations. 


Sea VS Equation 1 
slope and the same ; 
y-intercept. So, the lines ety G Equation 2 
are the same, which SOLUTION 


means all points on the 
line are solutions of 
both equations. 


Solve by elimination. 


Step 1 Multiply Equation 1 by —2. 


“et y=3 EEE 4x —2y= -6 


Revised Equation 1 


—4x + 2v=6 —4x+ 2y=6 Equation 2 
Step 2 Add the equations. 
STUDY TIP 4x — 2y = —6 Revised Equation 1 
A linear system with —4x + 2y = 6 Equation 2 
infinitely many solutions _ w= 6 Add the equations 


is called a consistent 
dependent system. 


p> The equation 0 = Ois always true. So, the solutions are all the points on the line 
—2x + y = 3. The system of linear equations has infinitely many solutions. 


Monitoring Progress ) Heip in English and Spanish at BigideasMath.com 
Solve the system of linear equations. 
lh 24 pes 
2x + 2y = 6 


2. y=-x+3 
2x + 2y =4 


Solving Real-Life Problems 


ON Vidasem Modeling with Mathematics 


7 An athletic director is comparing the costs of renting two banquet halls for an awards 
Cost (dollars) b f hehe! : Hara Rta 
— “ae anquet. Write a system of linear equations that represents this situation. If the cost 
Hours | Hall i Hall BL patterns continue, will the cost of Hall A ever equal the cost of Hall B? 
0 @ 100 
SOLUTION 
1 175} 200 - 
i 7 75 300 7 Words Total cost = Cost perhour + Number ofhours + Initial cost 
3 7 375 400 Variables Let y be the cost (in dollars) and let x be the number of hours. 
- System y = 100x + 75 Equation 1 - Cost of Hall A 
y = 100x + 100 Equation 2 - Cost of Hall B 


The equations are in slope-intercept form. The graphs of the equations have the same 
slope but different y-intercepts. There is no solution because the lines are parallel. 


> So, the cost of Hall A will never equal the cost of Hall B. 
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3. WHAT IF? What happens to the solution in Example 3 when the cost per hour for 
Hall A is $125? 
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SUPPORTING English Language Learners 


Have students read Example 3. Explain that the table and the different parts of the solution help 
students understand the process that is being described. 


, Advanced High Read aloud the problem setup. 

Intermediate Read aloud the verbal model and the description of the variables in the solution. 
Beginning Read aloud the equations of the system. 

Advanced Read aloud the conclusion and the answer. 


ELPS 4.E Read linguistically accommodated content area material with a decreasing need for 
linguistic accommodations as more English is learned. 


Extra Example 2 

Solve the system of linear equations. 

xX ~- 3y=6 

3x — 9y = 18 

The equation 0 = 0 is always true. The 
solutions are all the points on the line 
X — 3y = 6, So, the system of linear 
equations has infinitely many solutions. 


Extra Example 3 

A family is comparing the costs of 

renting two vacation cabins. The costs 
include a one-time fee of $50 or $80 for 
housekeeping. Write a system of linear 
equations that represents this situation. 

If the cost patterns continue, will the cost 
of Cabin A ever equal the cost of Cabin B? 


Cost (dollars) 
Cabin A Cabin B 
50 
175 


1 
=| 300 


205 


330. 


i— 

3 as | ass 
y = 125x + 50 
y = 125x + 80 


No, the cost of Cabin A will never equal 
the cost of Cabin B. 


MONITORING PROGRESS 
ANSWERS 


J. infinitely many solutions 
2. no solution 


3. Hall A and Hall B each cost $200 for 
] hour of use. 
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Extra Example 4 

Use the diagrams in Example 3. The 
perimeter of the trapezoidal piece of 
land is 72 kilometers. The perimeter 

of the rectangular piece of land is 

216 kilometers. Write and solve a system 
of linear equations to find the values of 
xX and y. 

6x + 12y = 72 

18x + 36y = 216 

The system has infinitely many solutions. 


MONITORING PROGRESS 
ANSWERS 


4. The system has no solution; The lines 
still have the same slope, but they 
now have different y-intercepts, so 
they are parallel. 
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SS ¢NV 28 Modeling with Mathematics 


The perimeter of the trapezoidal piece of land is 48 kilometers. The perimeter of 
the rectangular piece of land is 144 kilometers. Write and solve a system of linear 
equations to find the values of x and y. 


SOLUTION 


1. Understand the Problem You know the perimeter of each piece of land and the 
side lengths in terms of x or y. You are asked to write and solve a system of linear 
equations to find the values of x and y. 


2. Make a Plan Use the figures and the definition of perimeter to write a 
system of linear equations that represents the problem. Then solve the system 
of linear equations. 


3. Solve the Problem 


Perimeter of trapezoid Perimeter of rectangle 
2x + 4x + 6y + by = 48 9x + Ox + 18y + 18y = 144 
6x + 12y = 48 Equation 1 18x + 36y = 144 Equation 2 


System 6x + 12y=48 Equation 1 
18x + 36y = 144 Equation 2 


Method I Solve by graphing. y 


Graph each equation. aa 
| 18x + 36y = 144 
NG at 3 


Va 


The lines have the same slope and the same 
y-intercept. So, the lines are the same. 4 


In this context, x and y must be positive. 2 
Because the lines are the same, all the points 

on the line in Quadrant 1 are solutions of 0 
both equations. 


P So, the system of linear equations has infinitely many solutions. 
Method 2 Solve by elimination. 
Multiply Equation 1 by ~3 and add the equations. 
6x + 12y = 48 | Multiply by —3. —18x — 36y = —144 Revised Equation 1 
18x + 36y = 144 18x + 36y= 144 Equation 2 
0=0 Add the equations. 


> The equation 0 = 0 is always true. In this context, x and y must be positive. 
So, the solutions are all the points on the line 6x + 12y = 48 in Quadrant I. 
The system of linear equations has infinitely many solutions. 


4. Look Back Choose a few of the ordered pairs (x, y) that are solutions of Equation 1. 
You should find that no matter which ordered pairs you choose, they will also be 
solutions of Equation 2. So, infinitely many solutions seems reasonable. 
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4. WHAT IF? What happens to the solution in Example 4 when the perimeter of the 
trapezoidal piece of land is 96 kilometers? Explain. 
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| Closure 


¢ Exit Ticket: 
Write a system of equations that has no solution. Sample answer: 2x + 3y = 4; 4x + 6y = 12 
Write a system of equations that has infinitely many solutions. Sample answer: x — 2y = 6; 
—2x + 4y=-12 


5.4 Exercises 


Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


1. REASONING 1s it possible for a system of linear equations to have exactly two solutions? Explain. 


ASSIGNMENT 
Basic: 1, 2, 3-25 odd, 26, 30, 32-35 


Average: 1, 2-24 even, 25-27, 30, 
S235 


Advanced: 1, 2, 8, 14-24 even, 25-35 


2. WRITING Compare the graph of a system of linear equations that has infinitely many solutions and 
the graph of a system of linear equations that has no solution. =* 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, match the system of linear equations 13. 4x + 4y = -8 14. 15x — 5y = —20 HOMEWORK CHECK 
with its graph. Then determine whether the system has = A een Basic: 3,9, 17, 25, 26 
one solution, no solution, or infinitely many solutions. 
Sh Saar Ay 15. 9x — 15y = 24 16. 3x —2y = —-5 Average: 4, 10, 14, ZS, 26 
x-y=l —x+y=-2 6x — 10y = —16 4x + Sy = 47 Advanced: 8, 14, 18, 25, 26 
5. 2xty=4 Ge B= sree In Exercises 17-22, use only the slopes and y-intercepts 
—4x —2y = —8 sx — 2y = 6 of the graphs of the equations to determine whether the 
, ee A Seeks ie system of linear equations has one solution, no solution, ANSWERS 
q = 255 y = 6 DRE y = . . . . FA 3 
eee ee, or infinitely many solutions. Explain. 1. no: Two lines cannot intersect at 
; 7, y=7x +13 18. y = —6x-—2 exactly two points. 
~ ay) 12x + 2y = —6 2. The graph of a system of linear 
19. 4x +3y =27 ie eee et equations that has infinitely many 
ee ee by ty = 18 solutions is a single line and the 
graph of a system of linear equations 
21. —18x + 6y = 24 22, 2x — 2y = 16 that has no solution is two parallel 
oho = 3x — 6y = 30 lines. 
(G 
3. F; no solution 
ERROR ANALYSIS In Exercises 23 and 24, describe ; : , 
and correct the error in solving the system of linear 4. E, infinitely many solutions 
equations. 5. B; infinitely many solutions 
23. ; a 
x SA a 6. C; one solution 
E 4xty=12 7. D;no solution 
8. A; one solution 
eh O ) 


In Exercises 9-16, solve the system of linear equations. 


(See Examples J and 2.) 


The lines do not intersect. So, the system 
has no solution. 


10. no solution 
11. infinitely many solutions 
12. no solution 
13. infinitely many solutions 


24, 
9. y=-2x-4 10. y= —6x—8 x Vis ne a 14. infinitely many solutions 
=3x—-— 5 

ve 4 y= —6x +8 “A 15. no solution 

tines 4) SG Py = Bay The ines have the same slope. So, the system 16. (3,7) 
ee “6 has infinitely many solutions. : ; P , 
ay = 8 ee! 17. infinitely many solutions; The lines 
have the same slope and the same 
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23. The lines are not parallel, so they must 


intersect. 


24. The lines have the same slope but different 
y-intercepts, so the system has no solution. 


y-intercept, so they are the same line. 


18. no solution; The lines have the same 
slope but different y-intercepts, so 
they are parallel. 

19. one solution; The lines have different 
slopes, so they will intersect. 

20. no solution; The lines have the same 
slope but different y-intercepts, so 
they are parallel. 

21. no solution; The lines have the same 
slope but different y-intercepts, so 
they are parallel. 

22. one solution; The lines have different 
slopes, so they will intersect. 
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25. MODELING WITH MATHEMATICS The table shows the 30. HOW DO YOU SEE IT? The graph shows information 


. . distances two groups have traveled at different times about the last leg of a4 X 200-meter relay for 
Dynamic Teaching Tools during a canoeing excursion. The groups continue three relay teams. Team A’s runner ran about ; 
traveling at their current rates until they reach the 7.8 meters per second, Team B’s runner ran about 
same destination. Let d be the distance traveled 7.8 meters per second, and Team C’s runner ran about 
Interactive Whiteboard Lesson Library = and t be the time since 1 p.m. Write a system of linear 8.8 meters per second. 


equations that represents this situation. Will Group B 
catch up to Group A before reaching the destination? 
Explain. (See Example 3.) 


Dynamic Classroom with Dynamic Investigations 


Last Leg of 4 x 200-Meter Relay 


Seay 
= oO ‘ia 
Dist Traveled (mil vm, (ele 
ANSWERS istance Travele (mi es) | z 
2B, Gf = (of ar Si ginal @! = (is ae M5 ios Tae 1pm. | 2PM. 3PM. | 4PM. jg 10) 
system has no solution. GroupA| 3 9 1s. | al i & 50 
G B i 7 13 19 | a 
26. 3f+ 4a = 6 and 2f + 6a = 9; sali 3 


infinitely many solutions 
pe 26. MODELING WITH MATHEMATICS A $6-bag of trail te seconie) 


27-35. See Additional Answers. mix contains 3 cups of dried fruit and 4 cups of ; — ; Pare f 
almonds. A $9-bag contains 45 cups of dried fruit and a. Estimate the distanes at which Team C’s runner 
6 cups of almonds. Write and solve a system of linear passed Team B's runner. 
equations to find the price of 1 cup of dried fruit and b. If the race was longer, could Team C’s runner have 
1 cup of almonds. (See Example 4.) passed Team A’s runner? Explain. 
. Mini-Assessment | 
27. PROBLEM SOLVING A train travels from New York © Ti therace was longer.,could Ica a 
Belen fli : City to Washington, D.C., and then back to New York passed Team A’s runner? Explain. 
olve the system of linear equations. City. The table shows the number of tickets purchased sates a 
1 (eS Aye = 2 for each leg of the trip. The cost per ticket is the same 
‘ for each leg of the trip. Is there enough information to 31. ABSTRACT REASONING Consider the system of 
y> 4x—4 determine the cost of one coach ticket? Explain. linear equations y = ax + 4 and y = bx — 2, where 
no solution aand 6 are real numbers. Determine whether each 
| | re Business Money statement is always, sometimes, or never true. Explain 
2X = VS a2 | Destination kate class _ collected your reasoning. 
—4x + Ay = | tickets | (dollars) a. The system has infinitely many solutions. 
Bae ; Washington, D.C.} 150 | 80 22,860 \ 
b, The system has no solution. 
infinitely many solutions | ew vou cy | eaT0 | eae 27,280 2) 
. Ahomeowner is comparing the costs ce. When a < b, the system has one solution. 
of hiring two plumbers. The costs 28. THOUGHT PROVOKING Write a system of three | 32. MAKING AN ARGUMENT One admission to an ice 
include a one-time travel charge linear equations in two variables so that any twoof oe rink aan ee oe a a of 
: the equations have exactly one solution, but the entire — RASS SHE OS) Yel Hes, MOM HMTENTE) SEE SOE: Cea 
of $50 or $75. Write a system of ee of equations has Ee Polanert determine the exact cost of one admission and one 
linear equations that represents . — oo skate rental. Is your friend correct? Explain. 
this situation. If the cost patterns seen cGy ie ; D&G ICE RINK D&G ICE RINK 
: , : na system of linear equations, one EMT AE aoa 
continue, will the cost of Plumber A | equation has a slope of 2 and the other equation has i ie a : lea 
a =F i he s 3 Admissions | 15| Admissions _ 
ever equal the cost of Plumber B? ° ae = o How many solutions does the system baa 0 Skat 
— “Total ($38.00! ~~~" Total {$140.00 


Cost (dollars) 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Solve the system of linear equations by graphing. (Section 5./) 
EE PSL G@ 34. y=2x+3 35. 2x+y=6 
y= sere IO SS aie 3x — 2y = 16 


242 Chapter 5 Solving Systems of Linear Equations 
y = 50x + 50; y = 50x + 75 


The cost of Plumber A will never 
equal the cost of Plumber B. 


if students need help... 


If students got it... 


. Asmall fruit basket costs $8 and a 
large fruit basket costs $20. The small 
basket contains 6 apples and 4 pears. 
The large basket contains 18 apples 
and 12 pears. Write a system of linear 
equations to represent this situation. 
Can you find the unit price of each 
fruit? Explain. 6x + 4y = 8; 
18x + 12y = 20; The system 
has no solution, so you cannot find 
the unit price of each fruit. 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time e Cumulative Review 


Student Journal 


: Start the next Section 
e Practice 


Differentiating the Lesson 
Skills Review Handbook 
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5.1-5.4 What Did You Learn? 


Core Vocabulary 


system of linear equations, p. 220 solution of a system of linear equations, p. 220 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


Core Concepts , 1. 


Section 5.1 
Solving a System of Linear Equations by Graphing, p. 227 


Section 5.2 
Solving a System of Linear Equations by Substitution, p. 226 


Section 5.3 
Solving a System of Linear Equations by Elimination, p. 232 


Section 5.4 
Solutions of Systems of Linear Equations, p. 238 


Mathematical Thinking 


1. Describe the given information in Exercise 33 on page 230 and your plan for finding the solution. 3. 


2. Describe another real-life situation similar to Exercise 21 on page 235 and the mathematics that you 
can apply to solve the problem. 


3. What question(s) can you ask your friend to help her understand the error in the statement she made 
in Exercise 32 on page 242? 


prcccccccce Study Skills 
Analyzing Your Errors 


Study Errors 


do not learn it well enough to remember it on a test without 
resources such as notes. 


How to Avoid This Error: Take a practice test. Work with a 
study group. Discuss the topics on the test with your teacher. 
Do not try to learn a whole chapter's worth of material in 


I 
{ 
! 
! 
! 
What Happens: You do not study the right material or you 
t 
! 
t 
{ 
i 
' one night. 


The given information is the total 
number of songs played and the 
number of pop and hip-hop songs in 
relation to rock songs. The solution 
can be found by writing a system of 
linear equations and then solving the 
system using the substitution method. 


Sample answer: A store sells candy 
bars for x dollars and eight-packs of 
candy bars for y dollars. Person A 
buys 4 candy bars and 2 eight-packs 
for $18. Person B buys 3 candy bars 
and 5 eight-packs for $38. To solve. 
write and solve a system of linear 
equations that represents this situation. 
Sample answer: Are the equations 
derived from the two receipts 
equations for different lines? 
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ANSWERS 


1. 


5 EE et 
PNa= SSSI AMN AWN 


14. 


Ss 
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3,1) 

(252) 

(0, 1) 

(=22, = 20) 

Ue.) 

(6, 1) 

(2, 2) 

Gy 1) 

(2, 3) 

no solution 

(2, 2) 

infinitely many solutions 

a. y=4x+ l4andy =6x+ 8 

b. (3, 26); Both trees will be 26 in. 
tall after 3 years. 

a. | hat 55 mi/h, 2 h at 40 mi/h 

b. 55 mi; 80 mi 

7t + 3f = 26 andr + f= 6; 

2 touchdowns, 4 field goals 


Chapter 5 


5.1-5.4 Quiz 


Use the graph to solve the system of linear equations. Check your solution. 


1. 


(Section 5.1) 


y=-tr+2 He = sh Sil 


y=x-2 y=4x+6 y=2x4+1 


Solve the system of linear equations by substitution. Check your solution. (Section 5.2) 


4. 


6. 3x — Sy = 13 
x + 4y = 10 


yex-4 
—2x+y= 18 


Bb 2ipar ie = dl 
Va =) 


Solve the system of linear equations by elimination. Check your solution. (Sectivn 5.3) 


Us 


x+ty=4 
=$0 S P= 5 


8. x+3y=1 
Sx + 6y = 14 


Gh aby = syn 5) 
5x + 2y = 16 


Solve the system of linear equations. (S¢ciion 5.4) 


10. 


13. 


14. 


15. 
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= all 11. 6x + 2y = 16 12. 3x —3y = -2 
x—-y=6 2x-—y=2 —6x + 6y =4 
You plant a spruce tree that grows 4 inches per year and a hemlock tree 


that grows 6 inches per year. The initial heights are shown. (Section 5.1) 


a, Write a system of linear equations that represents this situation. 


b. Solve the system by graphing. Interpret your solution. 


It takes you 3 hours to drive to a concert 135 miles away. You drive 
55 miles per hour on highways and 40 milcs per hour on the rest of 
the roads. (Section 5.1, Section 5.2, and Section 5.3) 


aS 
spruce 
tree 


a. How much time do you spend driving at each spced? 


b. How many miles do you drive on highways? the rest of the roads? 


In a football game, all of the home team’s points are from 7-point 
touchdowns and 3-point field goals. The team scores six times. 
Write and solve a system of linear equations to find the numbers 
of touchdowns and field goals that the home team scores. 
(Section 5.1, Section 5.2, and Section 5.3} Ae QUARTER ?-.: eee ; 


VISITORS 


DOWN 


YDS..TO GO BALLON 
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Solving Equations by Graphing 


Essential Question How can you use a system of linear 


TEXAS ESSENTIAL equations to solve an equation with variables on both sides? 
KNOWLEDGE AND SKILLS 
ASA Previously, you learned how to use algebra to solve equations with variables 
on both sides. Another way is to use a system of linear equations. 


ESRI EM Solving an Equation by Graphing 


Work with a partner. Solve 2x — 1 = hi + 4 by graphing. 


a. Use the left side to write a linear equation. Then use the right side to write 
another linear equation. 


aa, 7 b. Graph the two linear equations from ey 

part (a). Find the x-value of the point of : 

= nid NG intersection. Check that the x-value is the a 
solution of 

To be proficient in math, | 

| you need to consider the dx—1=—3x+ 4. ‘i 
available tools, which ; : i 
may include pencil and c. Explain why this “graphical method” works. *5 2 4 ae 


paper or a graphing 
calculator, when solving Y 
a mathematical problem. 


Solving Equations Algebraically 
and Graphically 


EXPLORATION 2 


Work with a partner. Solve each equation using two methods. 
Method 1 Use an algebraic method. 
Method 2 Use a graphical method. 


Is the solution the same using both methods? 
a ixt+4=—-ixt1 Ph oebiate ag 


4 d. dx + i= 31-3 


Lol 


2 = 
CR ele 


Gy SRar 2S = we=— OS [e sheae ILS SS iver 1S) 


Communicate Your Answer 


3. How can you use a system of linear equations to solve an equation with 
variables on both sides? 


4. Compare the algebraic method and the graphical method for solving a 
linear equation with variables on both sides. Describe the advantages and 
disadvantages of each method. 


Section 5.5 Solving Equations by Graphing 245 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


_ SUPPORTING English Language Learners 


Read aloud the Essential Question and Exploration 1 as students read along. Have students close 
their books and listen as you reread individual portions of what was read. Ask them to restate in 
their own words what was said, or have them ask questions to clarify what they don’t understand. 
Then have them complete the exploration in groups of mixed language abilities. 


Advanced High Explain the introduction that precedes Exploration 1. 
Beginning Explain what Work with a partner instructs students to do. 
Intermediate Restate the instructions in part (a). 

Advanced Restate the instructions in parts (b) and (c). 


_ ELPS 2.D.1 Monitor understanding of spoken language during classroom instruction and interactions. | 


el 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 


A.5.A The student is expected to solve 
linear equations in one variable, including 
those for which the application of the 
distributive property is necessary and 

for which variables are included on 

both sides. 


ANSWERS 
1. a y=2x-ly=-p+4 


x=2 


c. The two sides of the equation are 
equal to each other. If you set 
one side of the equation equal to 
y, the transitive property allows 
you to set the other side of the 
equation equal to y. 


2. a. xX = —4; yes 
b. x = —3; yes 
Come rvies 
d. x = 2; yes 
e. x = 1; yes 
f. x= 0; yes 


3. Write two linear equations setting y 
equal to each side. Solve the system 
of linear equations. The x-value of 
the solution of the system of linear 
equations is the solution of the 
equation. 


4. The algebraic method will always 
give the exact solution, but it is 
difficult to work with fractions as 
coefficients. The graphical method is 
easier with fractional coefficients of 
x because these are the slopes of the 
lines, but solutions may sometimes 
be estimates, especially when the 
solution does not fall on a grid line. 
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Extra Example 1 What You Will Learn 


Solve 2x + 3 =x + 2 by graphing. P Solve linear equations by graphing. 
Check your solution. > Use linear equations to solve real-life problems. 


‘Core Vocabulary, Solving Linear Equations by Graphing 


Previous : : : : 3 
beet | ti You can use a system of linear equations to solve an equation with variables 
absolute value equation on Both aides. 


G Core Concept 


Solving Linear Equations by Graphing 
x= -] ' Step 1 To solve the equation ax + b = cx + d, write two linear equations. 


GEE ar 1D = (SF ap (el 


MONITORING PROGRESS ad *—{y=«x+d) 


ANSWERS Step 2 Graph the system of linear equations. The x-value of the solution 
1 x=-2 of the system of linear equations is the solution of the equation 
1 ax+b=cxt+d. 
2. x= > 


EXAMPLE 1 Solving an Equation by Graphing 


Solve —x + 1 = 2x — 5 by graphing. Check your solution. 
SOLUTION 


Step 1 Write a system of linear equations using each side of the original equation. 


= Il == p= 2 


Step 2 Graph the system. 
ya Set Equation 1 
y=2x-5 Equation 2 
Check — : 
Sh l= 2x 


AGTH II Z AED) = 5) 


’ I ee 7 ' 
a” 


The graphs intersect at (2, —1). 


> So, the solution of the equation is x = 2. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Solve the equation by graphing. Check your solution. 


1, gx—-3= 2x Ot On 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


_ English Language Learners 


| Organization 
Have students write in their notebooks the steps for solving an equation by graphing a system of 
| related linear equations. 


Step 1: Use each side of the original equation to write a system of linear equations. 
Step 2: Graph the system. 
Step 3: Find the x-value of the point of intersection. Use it to write the solution. 


| Students should include a note to check their results by substitution into the original equation. 
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Vj ov 
Solving Real-Life Problems Extra Example 2 


SONVII0SM Modeling with Mathematics You are a biologist studying the 
a rae ; A - populations of two frog species in a 
ou are an ecologist studying the populations o Current | Change : ete 
two types of fish in a lake. Use the information in | Type 7 population | per von swamp. Use the information in the table 
the table to predict when the populations of the i : aan Lai to predict when the two populations will 
two types of fish will be equal. b | 
B | 2825 400 bilan 
SOLUTION 
1. Understand the Problem You know the current population of each type of fish Frog Current Change 
and the annual change in each population. You are asked to determine when the species population per year 


populations of the two types of fish will be equal. 


2. Make a Plan Use a verbal model to write an equation that represents the problem. 
Then solve the equation by graphing. 


3. Solve the Problem 


The populations of the two species will be 


Words TypeA Type B j 
Fe equal in 5 years. 
Change , venee + Current — Ghange Soares Current 
per year population per year population MONITORING PROGRESS 
Variable Let x be the number of years. ANSWERS 
Equation —250x + 5750 = 400x + 2825 3. 3 yr 


Solve the equation by graphing. 
Step 1 Write a system of linear equations using each side of the original equation. 


—250x + 5750 = 400x + 2825 
y = —250x + 5750 y = 400x + 2825 | 


Check Step 2 Graph the system. 


, Fish in a Lake 
= =25i0be ap S/S) y = —250x + 5750 Equation 1 een [y = -250x + 5750) 
4625 = ~250(4.5) + 5750 Bg oar 2823 Equetioh2 hee LG) ur) aaa 
The graphs appear to intersect at (4.5, 4625). | & aan) L_(.5, 4625) } 
4625 = 4625 J Check this solution in each equation of the 3 4500 
linear system, as shown. = + 
; 2 3500 — 
Phe > So, the populations of the two types of s i 7 = 400K + 2 + 282 825] 
4625 z 400(4.5) + 2825 fish will be equal in 4.5 years. 2500 |(0, 2825) 
i I ! 4. Look Back To check that your solution rs 
ae a a | is correct, verify that x = 4.5 is the fe ; 
-,, id » solution of the original equation. ee 


—250(4.5) + 5750 = 400(4.5) + 2825 


4625 = 4625 J 


Monitoring Progress of) Help in English and Spanish at BigideasMath.com 


3. WHAT IF? Type C has a current population of 3500 and grows by 500 each year. 
Predict when the population of Type C will be equal to the population of Type A. 
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Section 5.5 247 


Extra Example 3 

Your family needs to rent a car for a week 
while on vacation. Company B charges 
$3 per mile plus a flat fee of $150 per 
week. Company D charges $4 per mile 
plus a flat fee of $75 per week. After how 
many miles are the total costs the same 
at Company B and Company D? The total 
costs are the same after 75 miles. 


MONITORING PROGRESS 


ANSWERS 
4. 200 mi 
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Check 
Bae iets 12s ==. 150 
0.25x + 125 = 150 
Ue = 25 

iam! n= Ie 


Lad 


ENV ee §=©Modeling with Mathematics 


Your family needs to rent a car for a week while on vacation. Company A charges 
$3.25 per mile plus a flat fee of $125 per week. Company B charges $3 per mile plus 
a flat fee of $150 per week. After how many miles of travel are the total costs the same 
at both companies? 


SOLUTION 


1. Understand the Problem You know the costs of renting a car from two 
companies. You are asked to determine how many miles of travel will result in the 
same total costs at both companies. 


2. Make a Plan Use a verbal model to write an equation that represents the problem. 
Then solve the equation by graphing. 


3. Solve the Problem 


Words Company A CompanyB 
Cost ) . Rae + Flat _ Cost D .me + Flat 
per mile fee per mile fee 


Variable Let x be the number of miles traveled. 
Equation 3.25. + 125 = 3x + 150 


Solve the equation by graphing. 


Step 1 Write a system of linear equations using each side of the original equation. 


SPE ae AS) = Bese 1530) 
y = 3.25x + 125 i y = 3x + 150 


Step 2 Use a graphing calculator to graph the system. 


600 


m= + 150 } 


= 3.25x 3 12s ! 


Intersection 
0 ¥=450 


Because the graphs intersect at (100, 450), the solution of the equation is x = 100. 
> So, the total costs are the same after 100 miles. 


4. Look Back One way to check your solution is to solve the equation algebraically, 
as shown. 


Monitoring Progress )) Help in English and Spanish at BigideasMath.com 


4. WHAT IF? Company C charges $3.30 per mile plus a flat fee of $115 per 
week. After how many miles are the total costs the same at Company A and 
Company C? 
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' Closure 


e Exit Ticket: Solve the equation 3x — 4 = tx + 1 by graphing. Check your solution. x = 2 


5. 5 Exe rcises Dynamic Solutions avaiiabie at BigideasMath.com 


_ Assignment Guide and 
Homework Check 


Vocabulary and Core Concept Check 


1. REASONING The graphs of the equations y = 3x — 20 and y = —2x + 10 intersect at the 
point (6, —2). Without solving, find the solution of the equation 3x — 20 = —2x + 10. 


ASSIGNMENT 

Basic: 1, 2, 3-31 odd, 34, 36, 40—47 
Average: 1, 2-36 even, 37, 40—47 
Advanced: 1, 2, 10, 16, 18, 24, 28, 


2. WRITING Consider the equation ax + b = cx + d, where c = 0. Can you solve the equation by 
graphing a system of linear equations? Explain. as 


29-47 
Monitoring Progress and Modeling with Mathematics HOMEWORK CHECK 
In Exercises 3-10, use the graph to solve the equation. In Exercises 11-18, solve the equation by graphing. Basic: 3, 11, 19, 31 
Check your solution. Check your solution. (See Example /.) Average: 4, 12, 20, 32 
sh R= 22 4. -3=4x+1 ‘lik afar 2b sy 12. 4x=x+3 Advanced: 10, 16, 24, 32 


(En asses = =25 = 14. —-2x+6=5x-1 


15. yd 16. —5+ix=3x+6 


B 
2 


ANSWERS 
17, 5x-7=2x+1) 18. -6(x +4) = -3x- 6 1. x=6 
In Exercises 19-24, solve the equation by graphing. 2. yes; Graph the EERE IS ae P 
Determine whether the equation has one solution, and y = d. The solution is the x-value 
5. Ox 4 = 3x no solution, or infinitely many solutions. of the point of intersection. 
12, Sy = lS oes 7 20) 5x4 — 5x 1 3. x=5 
21. —4(22 ~ x) = 4-8 eee 
So x=] 
22 te a — (At) 
6. = =7) 
23. —x— 5 = —7(3x + 5) hes 
7 hots j= yD 8 —5y— 1=3x—1 24, 18x +3) = 40 +3 bh =O 
: ie ; ; 36 = 3 
In Exercises 25-28, write an equation that has the same 
solution as the linear system represented by the graph. th; 222 
a, ih, ==! 
12, x=1 
13. x= =3 
14. x= 
), 
15. x=2 
16. x= —-4 
27. 
Ws B= 3 
18. x= —-6 
19. x = 2; one solution 
20. no solution 
21. all real numbers; infinitely many 
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22, x=4; 
23. no solution 


one solution 


24. all real numbers; infinitely many 
solutions 


25. 2x -—3=3 
PAG Sse cp ah = Se 
27. —x-3=3x+2 
28. —2x+4=3x-1 
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| USING TOOLS In Exercises 29 and 30, use a graphing 35. OPEN-ENDED Find values for m and b so that the 


Dynamic Teaching Tools calculator to solve the equation. solution of the equation mx + b = —2x — 1 is 
= 3s) 
29. 0.7x+0.5= —0.2x- 13 ‘ 
Dynamic Assessment & Progress Monitoring | Tool, 
ae XW, Die LOSS le + Go 36. HOW DO YOU SEE IT? The graph shows the total 

Interactive Whiteboard Lesson Library revenue and expenses of a company x years after it 
Dynamic Classroom with Dynamic rae 31. MODELING WITH MATHEMATICS You need to hire Seo oor einess: 

: a catering company to serve meals to guests at a iF 


wedding reception. Company A charges $500 plus fisvenue and, Expenses 


$20 per guest. Company B charges $800 plus fa 

ANSWERS $16 per guest. For how many guests are the total costs = ; 
Io) xe = the same at both companies? (See Examples 2 and 3.) Bes 
is) 
30. x= 18 32, MODELING WITH MATHEMATICS Your dog is | 
31. 75 guests 16 years old in dog years. Your cat 1s 28 years old in = 


cat years. For every human year, your dog ages by 

32. 4 human years 7 dog years and your cat ages by 4 cat years. In how 

33. 30sec many human years will both pets be the same age in Year f 
their respective types of years? atta ' 


34. no; Only the x-coordinate is the eens 
solution, so the solution is x = 4. a 


35. Sample answer: m= 1,b=8 


= SSS a. Estimate the point of intersection of the graphs. 


b, Interpret your answer in part (a). 


36. a. Sample answer: (7,5.5) 
i 37. MATHEMATICAL CONNECTIONS 


The value of the perimeter of 
the triangle (in feet) is equal x ft 


b. Sample answer: After about 
7 years, the company’s revenue 


; 6 ft 
and expenses will each be about abe value of the aye 
ais e triangle (in square feet). 
$5.5 million. Use a graph to find x. > ft 
37-47. See Additional Answers. 33. MODELING WITH MATHEMATICS You and a friend fa 
race across a field to a fence. Your friend has a 
50-meter head start. The equations shown represent 38. THOUGHT PROVOKING A car has an initial value ; 
you and your friend’s distances d (in meters) from the of $20,000 and decreases in value at a rate of 
Ged P fence f seconds after the race begins. Find the time at $1500 per year. Describe a different car that will be 
Mini ‘Assessment which you catch up to your oe worth the same amount as this car in exactly 5 years. 


a Specify the initial value and the rate at which the 
You: d= —5t + 200 value decreases. 


Your friend: d = —342 + 150 emits i 


| 
| 1. Solvex ~ 4 = 3x by graphing. 
} Ch . ' 
eck your solution. 
39. ABSTRACT REASONING Use a graph to determine the 
sign of the solution of the equation ax + b = cx +d 
in each situation. 


34. MAKING AN ARGUMENT The graphs of y = —x + 4 
and y = 2x — 8 intersect at the point (4, 0). So, 
your friend says the solution of the equation 
—x + 4 = 2x — 8 is (4, 0). Is your friend correct? a. O<b<danda<c b. d<b<Oanda<c 
Explain. 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Graph the inequality. (Section 2./) 
40. y>5 Cn ge Ss = de 29) Ge, es =p 


Use the graphs of f and g to describe the transformation from the graph of f to the 


. You are an ecologist studying the 
populations of two bird species 
in a forest. Use the information in 
the table to predict when the two 
populations will be equal. 


graph of g. (Section 3.7) 
44, f(x) =x — 5; g(x) =f + 2) 45. f(x) = 6x; 8) = —f(*) 
46. fix) = —2x + 1; g(x) = flax) 47, f(x) = 5x — 2; gx) = f@ — 1) 
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HW students need PED if students got it... 


Feceuices chap) pexcunces by Chapter 
e Practice A and Practice B e Enrichment and Extension 
¢ Puzzle Time e Cumulative Review 


3.5 years 


3. You need to hire an electrician 
to install new wiring in your 
house. Electrician A charges $75 
plus $45 per hour. Electrician B 
charges $100 plus $40 per hour. 
For how many hours of work are 
the total costs the same for both 
electricians? 5 hours 


Student Journal 


2 Start the next Section 
e Practice 


Differentiating the Lesson 
Skills Review Handbook 
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Linear Inequalities 


in Two Variables Dynamic Teaching Tools 


| Dynamic Assessment & Progress Monitoring Tool 


Essential Question How can you write and graph a linear inequality 
TEXAS ESSENTIAL in two variables? i i f 
x) Rice GRAND te Interactive Whiteboard Lesson Library 
A.2.H A solution of a linear ine jables is an ordered pair (x, y) that makes Dynamic Classroom with Dynamic Investigations 


A.3.D 


Lesson Planning Tool 


h of a linear inequality in two variables shows all the 
solutions of the pealion ina corona plarte. 


EXPLORATION 1 Writing a Linear Inequality in Two Variables 


Work with a partner. 


Texas Essential 

Knowledge and Skills 
A.2.H The student is expected to write 
linear inequalities in two variables given 


a table of values, a graph, and a verbal 
description. 


a. Write an equation represented by 
the dashed line. 


b. The solutions of an inequality are 
represented by the shaded region. In words, 
describe the solutions of the inequality. A.3.D The student is expected to graph 

the solution set of linear inequalities in 


two variables on the coordinate plane. 


c, Write an inequality represented by the graph. 
Which inequality symbol did you use? 
Explain your reasoning. 


“EXPLORATION 2 Using a Graphing Calculator 


> Work with a partner. Use a graphing calculator to graph y 2b -3. 


= 3 
SELECTING a. Enter the equation y = ax — 3 into your calculator. 
TOOLS . 
To be proficient in b. The inequality has the symbol >. So, the ~ 
math, you need to use Egon to be shaded is above the graph of 
technological tools to y= ix — 3, as shown. Verify this by testing 


ANSWERS 
i, @ PS e= 3 


b. all ordered pairs below the graph 
of y=x-—3 

ec y<x — 3; <; Sample answer: 
The point (4, 0) is in the shaded 


explore and deepen a wenn in this region, such as (0, 0), tomake = -10|>+ © region, and to make the inequality 
your understanding sure it ts a solution of the inequality. true for that point the < symbol is 
of concepts. needed. 

ah 2. 02-3 


Because the inequality symbol is greater than or equal to, the line is solid and not 
dashed. Some graphing calculators always use a solid line when graphing inequalities. 
In this case, you have to determine whether the line should be solid or dashed, based 
on the inequality symbol used in the original inequality. 


EXPLORATION 3 Graphing Linear Inequalities in Two Variables 


Work with a partner. Graph each linear inequality in two variables. Explain your 
steps. Use a graphing calculator to check your graphs. 


334 2 


Bl, SY Be Fea b. y S—3x41 Cy VS = 5 ae eee ee : 
Sample answer: Graph 

y = x + 5 with a dashed line. 
Test the point (0, 0), which does 
not make the inequality true. 
Shade the half-plane that does not 
contain the point (0, 0). 


Communicate Your Answer 


4. How can you write and graph a linear inequality in two variables? 


5. Give an example of a real-life situation that can be modeled using a linear 
inequality in two variables. 
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4. Write an equation represented by the 
boundary line. Use < or > for a dashed line. 
Use $ or 2 for a solid line. Use < or S$ when 
the half-plane below the boundary line is 
shaded. Use > or = when the half-plane 
above the boundary line is shaded; Graph the 
boundary line for the inequality. Test a point 
that is not on the boundary line to determine 
a ee whether it is a solution of the inequality. 

Sample answer; Graph y = —x — 5 When the test point is a solution, shade the 


Sample answer: Graph 

y= —3x + | with a solid line. 
Test ie point (0, 0), which does 
make the inequality true. Shade 


. 40) 78 : the half-plane that contains the 
with a solid line. Test the point (0, 0), half-plane that contains the point. When the nae es econ 
which does make the inequality true. test point is not a solution, shade the half- : a 
Shade the half-plane that contains the plane that does not contain the point. 
pom) 5. See Additional Answers. 
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Extra Example 1 
Tell whether the ordered pair is a solution 
of the inequality. 
ao = eee ee) 

(—2, 2) is a solution of the inequality. 
b. 4e— yy 2 sales) 


(1, 3) is not a solution of the inequality. 


MONITORING PROGRESS 
ANSWERS 


1. no 
2. no 
3h ASS 
4. yes 


For classroom suggestions on 
teaching this lesson, see Laurie’s 
Notes at BigideasMath.com. 
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What You Will Learn 


pm Check solutions of linear inequalities. 
& Graph linear inequalities in two variables. 
pm Write linear inequalities in two variables. 


7 ’ orn Pp Use linear inequalities to solve real-life problems. 
linear inequality in 


two variables, p. 252 
solution of a linear inequality 


Linear Inequalities 


in two variables, p. 252 A linear inequality in two variables, x and y, can be written as 
graph of a linear inequality, ax + by <c ax + by Sc (be se ly Se ax + by2c¢ 
p. 252 
half-planes, p. 252 where a, b, and ¢ are real numbers. A solution of a 
: is an ordered pair (x, y) that makes the inequality true. 
Previous 


| aaa SIN aNSEI Checking Solutions 


Tell whether the ordered pair is a solution of the inequality. : 
dL bear ye = 0 = 11,8) Li = Bye 2 OS (e, = 2) 
SOLUTION 
a. Dee se We = Write the inequality. 
2th 9 z =3 Substitute —1 for x and 9 for y. 
14-3 X Simplify. 7 is not less than —3. 


P So, (—1, 9) is nota solution of the inequality. 


b. sees Sp 208 Write the inequality. 
? 
2 — 3(—2) 8 Substitute 2 for x and —2 for y. 
828 J Simplify. 8 is equal to 8. 


P So, (2, —2)is a solution of the inequality. 


Monitoring Progress a) Help in English and Spanish at BigideasMath.com 


Tell whether the ordered pair is a solution of the inequality. 


th Seay > R27, 2) 204y = ye 5 (020) 
Eh See == Pp ss Nlei(= l=) (Neate Ge Shae ile, = 7/) 


Graphing Linear Inequalities in Two Variables 


The graph of a linear inequality in two variables shows all the solutions of the 
inequality in a coordinate plane. 


READING 
A dashed boundary line 


means that points on the All solutions of y < 2x 
line are not solutions. A lvantaneidererane 
solid boundary line means boundary line y = 2x 


that points on the line 
are solutions. 


The boundary line divides 
the coordinate plane into two 


half-planes. The shaded 
half-plane is the graph of y < 2x. 
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| SUPPORTING English Language Learners 


| Point out that What You Will Learn states what is taught in the section, the yellow highlighting 
lets you know what vocabulary is most important, the red side comments explain the steps of the 
process, and the graph helps you visualize what is being described. 


_ Beginning Use short phrases to describe What You Will Learn. (Possibilities: check solutions, 
graph/write linear inequalities, solve real-life problems) 

Intermediate State the Core Vocabulary used in context on the page. 

Advanced Explain the process described by the red side comments. 

Advanced High Explain what the graph shows. 


ELPS 4.F.3 Use visual and contextual support to develop vocabulary needed to comprehend 
increasingly challenging language. 


© Core Concept 


Graphing a Linear Inequality in Two Variables 


Step 1 Graph the boundary line for the inequality. Use a dashed line for < or >. 
Use a solid line for < or >. 


Step 2 Test a point that is not on the boundary line to determine whether it is a 
solution of the inequality. 


Step 3 When the test point is a solution, shade the half-plane that contains the 
point. When the test point is not a solution, shade the half-plane that 
does nor contain the point. ahs 


EXAMPLE 2 | Graphing a Linear Inequality in One Variable 


Graph y < 2 in a coordinate plane. 


SOLUTION 


Step 1 Graph y = 2. Use a solid line because the 
inequality symbol is <. 


Step 2 Test (0, 0). 


STUDY TIP 


It is often convenient to 
use the origin as a test 
point. However, you must 
choose a different test 
point when the origin is 
on the boundary line. 


VS 
ORS? i 


Step 3 Because (0, 0) is a solution, shade the 
half-plane that contains (0, 0). 


Write the inequality. 


Substitute. 


> @NVige-aege Graphing a Linear Inequality in Two Variables 


Graph —x + 2y > 2 ina coordinate plane. 


SOLUTION 
Ws ai 


Step 1 Graph —x + 2y = 2, ory =sx + 1. Usea 
dashed line because the inequality symbol is >. 


Step 2 Test (0, 0). 


Sap sh he SP Write the inequality. 
? 
—(0) + 2(0) > 2 Substitute. 
0F2 x Simplify. 


Step 3 Because (0, 0) is not a solution, shade the 
half-plane that does nor contain (0, 0). 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Graph the inequality in a coordinate plane. 


5 sll 6.x<-4 


Tigeas Ae eS al he = 2s 0) 
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English Language Learners 


Build on Past Knowledge 
Remind students that when they graph inequalities on a number line, they use an open circle when 
the inequality symbol is < or >. They use a closed circle when the inequality symbol is < or >. 
_ Explain that when graphing inequalities in a coordinate plane, they will use a dashed line when the 
inequality symbol is < or >, and a solid line when the inequality symbol is < or =. 


Extra Example 2 
Graph y = —3 in a coordinate plane. 


Extra Example 3 
Graph x + y < 2 ina coordinate plane. 
* Ay 


MONITORING PROGRESS 
ANSWERS 
5. | iar sae 
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Extra Example 4 
Write an inequality that represents 
the graph. 


VS == | 


Extra Example 5 

A tour helicopter can carry 6 passengers 
with a total weight of no more than 
1000 pounds. The table shows the 
weight of each passenger on the 
helicopter. Write an inequality that 
represents the weights of passengers 

B and D. 


Passenger | Weight (pounds) 


MONITORING PROGRESS 


ANSWERS 
W, WSs sr 3} 


WS ae s2 39> 1) 
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Boundary Line 


Solid | 


Vv 
IV 


| Dashed Solid 
45 Above 
| = | Below | | 
| 


Quantity 
(galtons) 
| vanilla 20 
chocolate 15 \ 
| strawberry Xi 
banana y 
| sherbet 18 


| 
| Flavor 
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Writing Linear Inequalities in Two Variables 


G Core Concept 


Writing a Linear inequality in Two Variables Using a Graph 


Write an equation in slope-intercept form of the boundary line. 


If the shaded half-plane is above the boundary line, then 


e replace = with > when the boundary line is dashed. 


e replace = with > when the boundary line is solid. 
If the shaded half-plane is below the boundary line, then 


e replace = with < when the boundary line is dashed. 


e replace = with < when the boundary line is solid. 


“EXAMPLE 4 Writing a Linear Inequality Using a Graph 


Write an inequality that represents the graph. 


SOLUTION 


The boundary line has a slope of —2 and a y-intercept of —1. So, an equation of the 
boundary line is y = —2x — 1. The shaded half-plane is below the boundary line and 
the boundary line is solid. So, replace = with <. 


> The inequality y < —2x — | represents the graph. 


“EXAMPLE 5 


Writing a Linear inequality Using a Table 


An ice cream truck can carry at most 75 gallons of ice cream. The table shows the 
inventory on the truck. Write an inequality that represents the numbers of gallons of 
strawberry and banana ice cream on the truck. 


SOLUTION 

Use the table to write an inequality that represents the problem. 
20+15+x+y+18<75 — The total number of gallons is less than or equal to 75. 

x+y<22 Isolate the variable terms on one side. 


> The inequality x + y $ 22 represents the numbers of gallons of strawberry and 
banana ice cream on the truck. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


9. Write an inequality that represents the graph. 


10. For a weight loss competition, the blue team needs to lose more than 55 pounds to 
win. Write an inequality that represents the amounts (in pounds) of weight Team 
Members B and E must lose so that the blue team wins. 


“Blue team member 
Weight lost (pounds) 
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Solving Real-Life Probl 
olving Real-Life Problems Extra Example 6 


SNE Modeling with Mathematics You can spend at most $9 on potatoes 


You can spend at most $10 on grapes and apples for a fruit salad. Grapes cost and carrots for stew. Potatoes cost $3 vel 
$2.50 per pound, and apples cost $1 per pound, Write and graph an inequality that pound, and carrots cost $1.50 per pound. 
represents the amounts of grapes and apples you can buy. Identify and interpret Write an inequality that represents the 


two solutions of the inequality. 
amounts of potatoes and carrots you can 


SOLUTION : : : 
‘ buy. Identify and interpret two solutions 
1. Understand the Problem You know the most that you can spend and the prices of the inequalit 
per pound for grapes and apples. You are asked to write and graph an inequality q ye 


and then identify and interpret two solutions. Ber 1.50y <9; Sample answer. (1, 3) and 
2. Make a Plan Use a verbal model to write an inequality that represents the 2; 2). You can buy | pound of potatoes 
problem. Then graph the inequality. Use the graph to identify two solutions, and 3 pounds of carrots, or 2 pounds of 
(2 


Then interpret the solutions. 


potatoes and 2 pounds of carrots. 
3. Solve the Problem 


Cost per Cost per Amount 
Words pound of . es + Peicaee - ae < you can MONITORING PROGRESS 
grapes ehepes apples OBAR EES spend ANSWERS 
4 
Variables Let x be pounds of grapes and y be pounds of apples. M1. ys mu ve a! 


v4 = = 
10, Inequality 2.50 +x + 1+y < 10 Ar 
9 $ 
@G 8 Step 1 Graph 2.5x + y = 10, or y = —2.5x + 10. Use a solid line because the 5 3 
a 7 inequality symbol is S. Restrict the graph to positive values of x and y = 
“ 6 because negative values do not make sense in this real-life context. rs 5 
w 5 fe) 
z 4 Step 2 Test (0, 0). E 
es ASHE Se eS INO) Write the inequality. Ke) i 
2 ? 
2.5(0) + Os 10 Substitute, 0 
4 / nic OO je 2 8 ae 
hime ae 0< 10 Simplify. Red peppers (pounds) 
Pounds of grapes Step 3 Because (0, 0) is a solution, shade the half-plane that contains (0, 0). Sample answer; (3, 0), You can 
P One possible solution is (1, 6) because it lies in the shaded half-plane. Another buy 3 pounds of red peppers and 
Check possible solution is (2, 5) because it lies on the solid line. So, you can buy no tomatoes; (1, 1), You can buy 
ar ey < 10 1 pound of grapes and 6 pounds of apples, or 2 pounds of grapes and 1 pound of red peppers and | pound 
5 pounds of apples. 
? of tomatoes. 
2.5(1) + 6s 10 4. Look Back Check your solutions by substituting them into the original inequality, 
85 < 10 Aye ' as shown. 
25x + y $ 10 Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
ui 
2.5(2) + 5510 11. You can spend at most $12 on red peppers and tomatoes for salsa. Red peppers 
10 < 10 A cost $4 per pound, and tomatoes cost $3 per pound, Write and graph an inequality 


: that represents the amounts of red peppers and tomatoes you can buy. Identify and 
interpret two solutions of the inequality. 
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| Closure 


¢ Phone Message: Write a brief phone message that you would leave for a friend who missed 


today’s class. Explain how to graph a linear inequality in two variables. Sample answer: First, 
graph the boundary line. If the inequality symbol is < or >, then use a solid line. Otherwise, use 
a dashed line. Test a point on one side of the line by substituting the x-value and y-value into the 
inequality. If the point makes the inequality true, then shade the half of the plane that contains 
the point. Otherwise, shade the half of the plane on the other side of the line. 
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Assignment Guide and 


Homework Check 


ASSIGNMENT 
Basic: 1, 2, 3-39 odd, 43, 50, 55-58 
Average: 1, 2—44 even, 48, 50, 55-58 


Advanced: 1, 2, 8, 10, 16-18, 24, 
30-34 even, 40-46 even, 48-58 


HOMEWORK CHECK 
Basic: 3, 19, 25, 33, 39 


Average: 4, 20, 26, 34, 40 
Advanced: 8, 24, 30, 34, 44 


ANSWERS 

1. Substitute the values into the 
inequality and verify that the 
statement Is true. 

2. The graph of a linear equation in 
two variables is a line. The graph of 
a linear inequality in two variables 
has a line as a boundary and a shaded 
half-plane. 
yes 
no 


17. no; (12, 14) is not a solution of 
the inequality. 

18. yes; (20, 18) is a solution of 
the inequality. 

EE ays 
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5.6 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


1. VOCABULARY How can you tell whether an ordered pair is a solution of a linear inequality? 


2. WRITING Compare the graph of a linear inequality in two variables with the graph of a linear 


equation in two variables. 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-10, tell whether the ordered pair is a 
solution of the inequality. (See Example /.) 


Sh fear (pee JO. 3) Ce ses (08 (G2) 
bh sear Sy eat) a) GB, ieee pS —Ge(— 1, 2) 


ih SOs sp aby S Oss, =3) 


Ge Se Sy (Sli) , Se — Ops Wee (8, 3) 
10. —4x — 8y < 15; (-6,3) 


In Exercises 11-16, tell whether the ordered pair is a 
solution of the inequality whose graph is shown. 


Hk @, =I} 12 (=i 
i Che 14. (0,0) 
1S. (3,3) 16. (2, 1) 


17. MODELING WITH MATHEMATICS A carpenter has 
at most $250 to spend on lumber. The inequality 
8x + 12y $ 250 represents the numbers x of 2-by-8 
boards and the numbers y of 4-by-4 boards the 
carpenter can buy. Can the carpenter buy twelve 
2-by-8 boards and fourteen 4-by-4 boards? Explain. 


P 
4in.x 4 in. x 8 ft 
$12 each 


2 in. x8 in. x8 ft 
$8 each 


18. MODELING WITH MATHEMATICS The inequality 
3x + 2y 2 93 represents the numbers x of multiple- 
choice questions and the numbers y of matching 


questions you can answer correctly to receive an A on 


a test. You answer 20 multiple-choice questions and 


18 matching questions correctly. Do you reccive an A 


on the test? Explain. 
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\ 
i. 


In Exercises 19-24, graph the inequality in a coordinate 
plane. (See Example 2.) 


19. ys5 20. y>6 
7A, pee DP 22) 026 
Ay, Ses 7 Pi see) 


In Exercises 25-30, graph the inequality in a coordinate 
plane. (See Example 3.) 


28) yes 2 Ady WS ey = Il 
Cah, hear i Sy (ay, Sey 2S 
7, DR = 25S 30) =x 


ERROR ANALYSIS In Exercises 31 and 32, describe and 
correct the error in graphing the inequality. 


Syl jy aseae Il : 


a, WS She 2 


Solving Systems of Linear Equations 


Y 


22~32. See Additional Answers. 


In Exercises 33-38, write an inequality that represents 
the graph. (See Example 4.) 


35. 


Si), 


40. 


MODELING WITH MATHEMATICS A restaurant 
employee works at least 40 hours per week. The table 
shows the employee’s weekly work schedule. Write 
an inequality that represents the numbers of hours the 
employee spends cooking and washing dishes. 

(See Example 5.) 


Task | Hours | 

| cleaning | 6 | 
cooking # 

ordering inventory z | 
| stocking food a 
Le washing dishes y 


MODELING WITH MATHEMATICS You are allowed 
to watch TV for less than 10 hours total on school 
nights. The table shows the numbers of hours you 
watch TV. Write an inequality that represents the 
numbers of hours you can watch TV on Sunday 
and Wednesday. 


a | 
School night Hours 
. ‘Sunday x 
Monday | ‘ce 
Tuesday 0.5 
Wednesday y 
Thursday ee 
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41. MODELING WITH MATHEMATICS A department store 
offers a 10% discount on any purchase over $200. 
The table shows the costs of items in a purchase at the 
store. Write an inequality that represents the costs of 
the shirt and shoes that will qualify the purchase for 
the discount. 


Item Cost 


backpack | $54.99 
es jeans | see | 
| shirt | x 
shoes y 
video game | $49.95 


ERROR ANALYSIS In Exercises 42 and 43, describe and 
correct the error in writing the inequality. 


42. 


43. You eat no more than 2500 calories a day. The table 
shows the numbers of calories you eat at each meal. 


[ Meal Calories 
breakfast FO. | 
lunch 6 | 

' snack | 150 | 

i dinner | y | 

i snack ia 250 | 


x x+yS 3670 


44. MODELING WITH MATHEMATICS You have at 
most $20 to spend at an arcade, Arcade games cost 
$0.75 each, and snacks cost $2.25 each. Write and 
graph an inequality that represents the numbers of 
games you can play and snacks you can buy. Identify 
and interpret two solutions of the inequality. 
(See Example 6.) 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
Shh je eae 


AM, ges SS S07 
42. The symbol < should be used; 
i 
43. The calories for breakfast and both 


snacks were added to 2500 instead of 
subtracted; x + y < 1330 


44, 0.75x + 2.25y < 20 


ax 


at 
N 


co 


Number of snacks 
Ta 


0 8 16 24 2 x 
Number of games 


Sample answer: (12, 4), You can 
play 12 games and buy 4 snacks; 

(5, 2), You can play 5 games and buy 
2 snacks. 
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a 45. MODELING WITH MATHEMATICS A drama club 49. WRITING Can you always use (0, 0) as a test point 
ANSWERS must sell at least $1500 worth of tickets to cover the when graphing an inequality? Explain. 
45. 10x + 6y = 1500 expenses of producing a play. Write and graph an 
_ aoe — inequality that represents how many adult and student 5 : : : 
he Pee tickets the club must sell. Identify and interpret two 30: Nese DOVOUSEE IT? Match each tina 
: : ; its graph. 
% solutions of the inequality. 
2 ; 
w Flee Bb SH = yy S © by 32 2 yee 
% 300 shag y y 
= = i Sy By SH do) 3x2 yen 
& 200 ' 
2 e A. 
A 100 
0 i : | al 
0 50 100 150 200x 
Adult tickets 46. MODELING WITH MATHEMATICS A shipping 
: company is delivering ceramic pots. The company 
oils answer: (150, 0), 150 adult earns $1 for each unbroken ceramic pot and is fined 
tickets were sold and no student $4 for each broken ceramic pot. The company wants C. 
tickets were sold; (100, 300), to earn at least $2000 for this delivery. Write and 
100 adult tickets were sold and graph an inequality that represents the numbers of 
: unbroken and broken ceramic pots the company must 
300 student tickets were sold. deliver. Identify and interpret two solutions of the 
46-58. See Additional Answers. inequality. 
47. MODELING WITH MATHEMATICS A clothing store 
sells T-shirts for $20 and skirts for $25. The store ; ; ; an 
— wants to sell a minimum of $800 worth of T-shirts and 2 Hepes DTS When graphing a linear inequality uh 
Mini-Assessment skirts. Write and graph an inequality that represents two variables, why must you choose a test point that 
Pp : ; 
f the numbers of T-shirts and skirts the store must sell. is not on the boundary line? 
1. Tell whether the ordered pair ista Identify and interpret two solutions of the inequality. 
Pala Gt ie Wesel ; 52. THOUGHT PROVOKING Write a linear inequality in 
q ye 48. PROBLEM SOLVING Large boxes weigh 75 pounds, two variables that has the following two properties. 


Ay = 8\2, 4) 
(2, 4) is a solution. 


2. Graph 2x — y = —4 ina coordinate 
plane. 


3. Write an inequality that represents 


and small boxes weigh 40 pounds. 


a. Write and graph 
an inequality that 
represents the numbers 
of large and small! boxes 
a 200-pound delivery 
person can take on 
the elevator. 


Weight limit: 
2000 Ib 


* (0, 0), (0, —1), and (0, 1) are not solutions. 
¢ (1, 1), G, —1), and (~1, 3) are solutions. 


CRITICAL THINKING In Exercises 53 and 54, write and 
graph an inequality whose graph is described by the 
given information. 


: 53. The points (2, 5) and (—3, —5) lie on the boundary 
h. Explain why some : : ; 
: line. The points (6, 5) and (—2, —3) are solutions of 
solutions of the rieemeealie 
inequality might not q y 
be praotical inreayie. 54. The points (~7, -16) and (1, 8) lie on the boundary 


line. The points (—7, 0) and (3, 14) are nor solutions 
of the inequality. 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 
the graph. 


Write the next three terms of the arithmetic sequence. (Section 4.7) 


. You have at most $5 to spend on 
notebooks and markers. Markers 
cost $1.00 each, and notebooks cost 
$1.25 each. Write an inequality that 
represents this situation. Identify 
and interpret two solutions of the 
inequality. 

x + 1.25y < 5; Sample answer: 
(1, 3) and (5, 0). You can buy 

1 marker and 3 notebooks, or 
5 markers and 0 notebooks. 
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SB (13, IG, 24h Bo ne 


Yh Sue), 23, % Io OB on 


56. 


58. 


=9, 6) Sa ee 
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if students need help... 


Resources by Chapter 
e Practice A and Practice B 
© Puzzle Time 


Solving Systems of Linear Equations 


e Enrichment and Extension 
® Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


Systems of Linear Inequalities 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Essential Question How can you graph a system of 
“9 TEXAS ESSENTIAL linear inequalities? 


Lesson Planning Tool 


KNOWLEDGE AND SKILLS 


A.3.H zai 
yd RO)v NNO) §=Graphing Linear Inequalities 


Work with a partner. Match each linear inequality with its graph. Explain 
your reasoning. int 


Interactive Whiteboard Lesson Library. 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.3.H The student is expected to graph 
the solution set of systems of two linear 


inequalities in two variables on the 
coordinate plane. 


ax+ty<4 Inequality 1 
eS) Inequality 2 


ANSWERS 
1. Inequality 1: A; The graph has a 
boundary line of y = —2x + 4; 
Inequality 2: B; The graph has a 
boundary line of y = 2x. 


EXPLORATION 2 Graphing a System of Linear Inequalities 


USING Work with a partner. Consider the linear inequalities given in Exploration 1. 2. a. y 
PROBLEM-SOLVING 

axt+ys4 | lity 1 
STRATEGIES =e oe 


De iS lity 2 
To be proficient in math, Ot Meas 


you need to explain to 
yourself the meaning 
of a problem. 


a. Use two different colors to graph the inequalities in the same coordinate plane. 
What is the result? 


b. Describe each of the shaded regions of the graph. What does the unshaded 
region represent? 


Communicate Your Answer 


3. How can you graph a system of linear inequalities? 


Parts of the two half-planes 
overlap. 


4. When graphing a system of linear inequalities, which region represents the 
solution of the system? ae 
b. One shaded region is only shaded 


the first color, one shaded region 
is only shaded the second color, 
and one shaded region is shaded 
both colors; the values where 
both inequalities are false 


5. Do you think all systems of linear inequalities 
have a solution? Explain your reasoning. 


6. Write a system of linear inequalities 
represented by the graph. 


3. Graph each inequality in the 
same coordinate plane. Find the 
intersection of the half-planes that 
are solutions of the inequalities. 
This intersection is the graph of the 
system. 


4. the region where the shaded half- 
planes of the inequalities overlap 
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For a section overview and insights into this Exploration page, 5. no; When the boundary lines arc 


see Laurie’s Notes at BigideasMath.com. parallel, it is possible the shaded 
regions will not overlap. 


6. x S2andy <3 
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Extra Example 1 

Tell whether each ordered pair is 
a solution of the system of linear 
inequalities. 

WS SK 

a Sa ae 

a! eal! 


MONITORING PROGRESS 
ANSWERS 


1. no 
Zayes 
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—2, —1) is a solution of the system. 


) is not a solution of the system. 


What You Will Learn 


Pm Check solutions of systems of linear inequalities. 


> Graph systems of linear inequalities. 


Cot Vo al lary > Write systems of linear inequalities. 


. . : > Use systems of linear inequalities to solve real-life problems. 
system of linear inequalities, 


p. 260 
solution of @ Systermeantens yee) of Linear Inequalities 


inequalities, p. 260 /s of linear inequalities is a set of two or more linear inequalities in the same 
graph of a system of linear erable An semen is shown below. 


inequalities, p. 267 y<xt2 Inequality 1 
Previous ee WV 2 ee — Il pa, 2 
linear inequality in two 


ities in two variables is an ordered pair that 


variables as) ar inequ 
isa een of each REET in the eee 


“EXAMPLE 1 Checking Solutions 


Tell whether each ordered pair is a solution of the system of linear inequalities. 


y < 2x Inequality 1 
) 2 Se se Il Inequality 2 
2 (Sy) b. (—2, 0) 
SOLUTION 
a. Substitute 3 for x and 5 for y in each inequality. 
Inequality 1 Inequality 2 
y < 2x y2 oe 3p Il 
9 
5< 2(3) ) 3 Sr Il 


Gay eg | 


> Because the ordered pair (3, 5) is a solution of each inequality, it is a solution 
of the system. 


b. Substitute —2 for x and 0 for y in each inequality. 


Inequality 1 Inequality 2 
y < 2x ee sese fl 
? ? 
Os BH2) (2 =2sr Il 
04-4 X ieee 


> Because (—2, 0) is not a solution of each inequality, it is not a solution of 
the system. 


Monitoring Progress @) Help in Engtish and Spanish at BigideasMath.com 
Tell whether the ordered pair is a solution of the system of linear inequalities. 


we 
yoxr-4 


ar 
ull 


iL, (il, Se Be Ce 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


srentiated Instruction 


Kinesthetic 
Some students may benefit by using graphing calculators or a graphing software program to check 
solutions of systems of inequalities. Students can enter the inequalities, view their graphs, and 

_ determine whether or not the given points are in the intersection of the half-planes. 


Graphing Systems of Linear inequalities 


The graph of a system of linear inequalities is the graph of all the solutions of 
the system. 


G Core Concept 


Graphing a System of Linear Inequalities 


Step 1 Graph each inequality in the same 
coordinate plane. 


at 
Step 2 Find the intersection of the half-planes 
that are solutions of the inequalities. This 
intersection is the graph of the system. 


Check “EXAMPLE 2 [amelersaTitene) System of Linear Inequalities 
phing 
Verify that (—3, l)isa 
solution of each inequality. Graph the system of linear inequalities. 
Inequality 1 y <3 Inequality 1 
Ss : 
: VS apse 2 Inequality 2 
ies ¥ 
: SOLUTION 
Inequality 2 : Step 1 Graph each inequality. 
ee eear 2 : . , ee = 
5 i Step 2 Find the intersection of = ~ = 
1S gsr Q the half-planes, One The solution is the | 
a J. . Solnuonnc aol pulplessnaded region. | 
; = -— Ss 
— SeNViaisem Graphing a System of Linear Inequalities: 
No Solution 


Graph the system of linear inequalities. 


Bear pe = Inequality 1 
Beep Wi Se 3) Inequality 2 
SOLUTION 


Step 1 Graph each inequality. 


Step 2 Find the intersection of the half-planes. Notice that the lines are parallel, 
and the half-planes do not intersect. 


P So, the system has no solution. 


Monitoring Progress i) Help in English and Spanish at BigideasMath.com 
Graph the system of linear inequalities. 


Sp oe ea cl ay 2x = 3 By hear) <ul 
bee YS 10) yeixtl 2x+y>4 
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| SUPPORTING English Language Learners 


| process described. Point out that the Check shown at the left provides support for verifying the 
solution. 

Beginning Read aloud the headings. 

Intermediate Read aloud the problem, including the system of inequalities. 

Advanced Read aloud the steps of the solution. 

Advanced High Read aloud and interpret the Check shown at the left. 

_ ELPS 4.E Read linguistically accommodated content area material with a decreasing need for 
_ linguistic accommodations as more English is learned. 


Have students read Example 2. Explain that the steps of the solution help students understand the 


Extra Example 2 


Graph the system of linear inequalities. 


ye) 
Viet! 


Extra Example 3 


Graph the system of linear inequalities. 


HWS Z 
Xe SPS 


The system has no solution. 


MONITORING PROGRESS 
ANSWERS 
3 WW 
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Extra Example 4 
Write a system of linear inequalities 
represented by the graph. 


Vee 
Yoox +l 


Extra Example 5 
Write a system of linear inequalities 
represented by the graph. 
| ‘71 an T 
ph 


IV 


x 
y2 


MONITORING PROGRESS 


ANSWERS 
(hy I< ae ap 2 ail oe 3 


7. y>—gx+ Landy <2x-3 
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Writing Systems of Linear Inequalities 


“EXAMPLE 4 Writing a System of Linear Inequalities 


Write a system of linear inequalities represented 
by the graph. 


SOLUTION 


Inequality 1 The horizontal boundary line passes 
through (0, —2). So, an equation of the 
line is y = ~2. The shaded region is 
above the solid boundary line, so the 
inequality is y 2 —2. 


Inequality 2 The slope of the other boundary line is I, and the y-intercept 
is 0. So, an equation of the line is y = x. The shaded region 
is below the dashed boundary line, so the inequality is y < x. 


> The system of linear inequalities represented by the graph is = 
vee Inequality 1 
SSH Inequality 2 


PONURae Writing a System of Linear Inequalities 


Write a system of linear inequalities represented 
by the graph. 


SOLUTION 


Inequality 1 The vertical boundary line passes 
through (3, 0). So, an equation of the 
line is x = 3. The shaded region is to 
the /eft of the solid boundary line, 
so the inequality is x < 3. 


Inequality 2 The slope of the other boundary line is 5 and the y-intercept is —1. 
So, an equation of the line is y = 2x ~ |. The shaded region is above 


the dashed boundary line, so the inequality is y > 2x — ie 
> The system of linear inequalities represented by the graph is 
BSB Inequality 1 


y> Sx =e Inequality 2 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Write a system of linear inequalities represented by the graph. 


Solving Systems of Linear Equations 


Solving Real-Life Problems 


S@NVA0aM Modeling with Mathematics 


You have at most 8 hours to spend at the mall 
and at the beach. You want to spend at least 

2 hours at the mall and more than 4 hours 

at the beach. Write and graph a system that 
represents the situation. How much time can 
you spend at each location? 


SOLUTION 


1. Understand the Problem You know the total amount of time you can spend 
at the mall and at the beach. You also know how much time you want to spend 
at each location. You are asked to write and graph a system that represents the 
situation and determine how much time you can spend at each location. 


2, Make a Plan Use the given information to write a system of linear inequalities. 


Then graph the system and identify an ordered pair in the solution region. 


3. Solve the Problem Let x be the number of hours at the mall and let y be the 
number of hours at the beach. 


Rap Se at most 8 hours at the mall and at the beach 
eae at least 2 hours at the mall 
yo4 more than 4 hours at the beach 
Graph the system. 
| Time at the Mall and at the Beach | 
a 
4 : ———— 
5° ; 
g 7 
Check 2 6 
v 
ea p Ss |$ > 
9 my Ap g p ce at > 
2S) aP 3) SSH) g 3 || 
i o 2 
15<8v0 ae 
5 
son be dmiee so gesneey soc l 
om ied Hours at the mall 
—— 2 J aT : 
a One ordered pair in the solution region is (2.5, 5). 
>4 
vy iV mt P So, you can spend 2.5 hours at the mall and 5 hours at the beach. 
a : eee 
¥ « : te abl 4. Look Back Check your solution by substituting it into the inequalities in the 
‘ he 7 = , system, as shown. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


8. Name another solution of Example 6. 


9. WHAT IF? You want to spend at least 3 hours at the mall. How does this change 


the system? Is (2.5, 5) still a solution? Explain. 
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Closure 


e Name an ordered pair that is a solution of the system 
of linear inequalities. Sample answer: (0, 0) 


e Name an ordered pair that is not a solution of the 
system of linear inequalities. Sample answer: (3, 3) 


Extra Example 6 

You have at most 7 hours to spend playing 
soccer and swimming. You want to spend 
at least 2 hours playing soccer and more 
than 2 hours swimming. Write a system 
that represents the situation. How much 
time can you spend on each activity? 
Let x be the number of hours playing 
soccer and y be the number of hours 
swimming. 

SEY <7 

eae 

WeeL 

Sample answer: (3, 3). You can spend 

3 hours playing soccer and 3 hours 
swimming. 


MONITORING PROGRESS 
ANSWERS 


8. Sample answer: 3 hours at the mall, 
4.5 hours at the beach 


Dae hecomesny so mos OS MOL 
greater than 3. 
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| Assignment Guide and 


Homework Check 


| ASSIGNMENT 
Basic: 1, 2, 3-29 odd, 35, 38, 40, 49-55 I 
Average: 1, 2—40 even, 49-55 


Advanced: 1, 2, 10, 18, 20, 
24-40 even, 41-55 


HOMEWORK CHECK 
Basic: 7, 11, 21, 29 
Average: 8, 14, 22, 30 
Advanced: 10, 18, 24, 30 


ANSWERS 
1. Substitute the values into both 
inequalities and verify that both 
inequalities are true. 


2. (J, —2); It is the only ordered pair 
that is not a solution of the system. 
no 
yes 
no 


3 

4 

5 

6. no 
7. yes 
8. yes 
J), 18te) 
10. yes 


13. 
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5.7 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


1. VOCABULARY How can you verify that an ordered pair is a solution 


of a system of linear inequalities? 


WHICH ONE DOESN'T BELONG? Use the graph shown. Which of 
the ordered pairs does not belong with the other three? Explain 


your reasoning. 


ade 2) (0, —4) (Gal 6) 


(2, —4) 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-6, tell whether the ordered pair is a 
solution of the system of linear inequalities. 


3, (4,3) 


19. x <4 AAU, Sear g7 Ss 110) 
y>ol say 2D 
ye Se ar ll y>2 


8h al 
) In Exercises 21-26, write a system of linear inequalities 
re C2, represented by the graph. (See Examples 4 and 5.) 
72 AN Ay \ 
Ge il, 
In Exercises 7-10, tell whether the ordered pair 
is a solution of the system of linear inequalities. 
(See Example 1.) 
ee oe 
Ue eos Gh (le Me es 
; 2 
CUOROEE = 6! 10. (4,=3);7 © ae oe: 
y2x+3 ySsx—-2 
In Exercises 11-20, graph the system of linear 
inequalities. (See Examples 2 and 3.) 
itil 3S =a WP Spe al 
y 25x eS a 
WES 3 = 2 14. y<x-1 aes 
yo? wy 2 oar Il 
(Sa) 16. x+y>4 
Sie Te She ve 3x =) 
‘re Soap eS Il ils PRO ar SY SS 5) 
VES yar 2 2 =e 
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an 


oe ee 


—— = + ee eee ee 


16—26. See Additional Answers. 


ERROR ANALYSIS In Exercises 27 and 28, deseribe 
and correct the error in graphing the system of 
linear inequalities. 


29. 


30. 


MODELING WITH MATHEMATICS You can spend at 
most $21 on fruit. Blueberries cost $4 per pound, and 
strawberries cost $3 per pound. You need at least 

3 pounds of fruit to make muffins. (See Example 6.) 


a. Write and graph a system of linear inequalities 
that represents the situation. 


b. Identify and interpret a solution of the system. 


c. Use the graph to \ 
determine whether 
you can buy 
4 pounds of 
blueberries 
and | pound 
of strawberries. 


MODELING WITH MATHEMATICS You earn 

$10 per hour working as a manager at a grocery store, 
You are required to work at the grocery store at least 
8 hours per week. You also teach music lessons for 
$15 per hour. You need to earn at least $120 per week, 
but you do not want to work more than 20 hours 

per week. 


a. Write and graph a system of linear inequalities 
that represents the situation. 


b. Identify and interpret a solution of the system. 


c. Use the graph to determine whether you can work 
8 hours at the grocery store and teach t hour of 
music lessons. 


Sik #h SE WS. S& IO, aineles 42 yy = DO) 


y —T 
‘O kee Z 


(pea Sa: Wa wea ks 
Surfperch caught 


b. yes 


Shu, 


32. 


33. 


34. 


35. 


36. 
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MODELING WITH MATHEMATICS You are fishing 

for surfperch and rockfish, which are species of 
bottomfish. Gaming laws allow you to catch no more 
than 15 surfperch per day, no more than 10 rockfish 
per day, and no more than 20 total bottomfish per day. 


a. Write and graph a system of linear inequalities 
that represents the situation. 


b. Use the graph to determine whether you can catch 
11 surfperch and 9 rockfish in 1 day. 


rockfish 


surfperch 


REASONING Describe the intersection of the 
half-planes of the system shown. 


Xess 
eens 4. 


MATHEMATICAL CONNECTIONS The following points 
are the vertices of a shaded rectangle. 


(ls Ds @ WG, =3)), (I, =) 


a. Write a system of linear inequalities represented 
by the shaded rectangle. 


b. Find the area of the rectangle. 


MATHEMATICAL CONNECTIONS The following points 
are the vertices of a shaded triangle. 


(2, 5), (6, —3), (~2, ~3) 


a. Write a system of linear inequalities represented 
by the shaded triangle. 


b. Find the area of the triangle. 


PROBLEM SOLVING You plan to spend less than 

half of your monthly $2000 paycheck on housing 

and savings. You want to spend at least 10% of 

your paycheck on savings and at most 30% of it on 
housing. How much money can you spend on savings 
and housing? 


PROBLEM SOLVING On a road trip with a friend, you 
drive about 70 miles per hour, and your friend drives 
about 60 miles per hour. The plan is to drive less than 
15 hours and at least 600 miles each day. Your friend 
will drive more hours than you. How many hours can 
you and your friend each drive in 1 day? 
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32. the linex -y=4 


Shh #h £2 —lLescaw 2 =f, aml Ss | 
b. 28 square units 
34h Bh  S By se ily S — De ap 2) anal yp S = 2) 


b. 32 square units 


35. Sample answer: $300 on savings, $500 


on housing 


36. Sample answer: you 6 hours, your friend 


8 hours 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic investigations 


ANSWERS 


27. The wrong regions are shaded for 
both inequalities. 


28. The wrong region is shaded for 
y> x ap 2, 


AD), Bh, hese 3h S Di ainelse 36 yy 22 3) 
Y peer Ve aa 
8 


& n 


Strawberries (pounds) 
MN 


TEL eo 
Blueberries (pounds) 
b. Sample answer: (2, 4), You can 
buy 2 pounds of blueberries and 
4 pounds of strawberries. 
Cc. yes 
SU ease enol Ogi ealiovel20 mand 


Hours teaching music 


0 4 8 12 16 20 x 
Hours at grocery store 


b. Sample answer: (12,2), You 
can work 12 hours at the grocery 
store and spend 2 hours teaching 
music lessons. 
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ANSWERS 

37. Both can be done by graphing; 
Solving a system of linear 
inequalities requires finding 
overlapping half-planes, solving a 
system of linear equations does not. 

38. >; <; This puts point C in the 
overlapping half-planes and leaves 
the other points out. 


39-55. See Additional Answers. 


| Mini-Assessment 


1. Tell whether the ordered pair 
(—4, 2) is a solution of the system 
of linear inequalities. 

We ON | 2 oe — Al Wes 

2. Graph the system of linear 

inequalities. 


V2 OL < ay = 3 


3. Write a system of linear inequalities 
represented by the graph. 


vo 


2 
VY 2 3aY > Sak ee 


4. You can spend at most $24 at the 
fair. Game tickets cost $2 each, and 
ride tickets cost $4 each. You want 
to buy at least 3 game tickets and 
more than 2 ride tickets. Write a 
system that represents the situation. 
How many of each ticket can you 
buy? Let x be the number of game 
tickets and y be the number of ride 
tickets: 2x + 4y < 24,x >3,y > 2. 
Sample answer: (4, 3). You can buy 
4 game tickets and 3 ride tickets. 
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37. WRITING How are solving systems of linear 43. All solutions have one positive coordinate and one 
inequalities and solving systems of linear equations negative coordinate. 
similar? How are they different? 
44, There are no solutions. 


38. HOW DO YOU SEE IT? The graphs of two linear 


: ; 45. OPEN-ENDED One inequality in a system is 
equations are shown. 


—4x + 2y > 6. Write another inequality so the system 
has (a) no solution and (b) infinitely many solutions. 


46. THOUGHT PROVOKING You receive a gift certificate 
for a clothing store and plan to use it to buy T-shirts 
and sweatshirts. Describe a situation in which you can 


; 
‘ 
buy 9 T-shirts and | sweatshirt, but you cannot buy : 
{ 3 T-shirts and 8 sweatshirts. Write and graph asystem © 
of linear inequalities that represents the situation. : 
a 
Replace the equal signs with inequality symbols to 
create a system of linear inequalities that has point C 47. CRITICAL THINKING Write a system of linear 
as a solution, but not points A, B, and D. Explain inequalities that has exactly one'solution. 


your reasoning. : 
| 48. MODELING WITH MATHEMATICS You make 


yee ox +4 necklaces and key chains to sell at a craft fair. The 
yO axt1 table shows the amounts of time and money it takes to 
{ make a necklace and a key chain, and the amounts of 
ANOS" i RIE ME R= time and money you have available for making them. 
39. OPEN-ENDED Write a real-life problem that can be Necklace | Key chain SEARS 
represented by a system of linear inequalities. Write - - ‘ : 
the system of linear inequalities and graph the system. Time to make 0.5 0.25 | 20 
(hours) 
fj 
40. MAKING AN ARGUMENT Your friend says that a Costtomake 3 po | 
system of linear inequalities in which the boundary (dollars) | 
lines are parallel must have no solution. Is your friend 
correct? Explain. a. Write and graph a system of four linear 
inequalities that represents the number x of 
41. CRITICAL THINKING Is it possible for the solution necklaces and the number y of key chains that 
set of a system of linear inequalities to be all real you can make. 
runners Syl Gr ge b. Find the vertices (corner points) of the graph of 
the system. 
ee on Evers. a write a yan of ¢. You sell each necklace for $10 and each key chain 
linear inequalities with the given characteristic. for $8. The revenue R is given by the equation 


R = 10x + 8y. Find the revenue corresponding to 
each ordered pair in part (b). Which vertex results 
in the maximum revenue? 


42. All solutions are in Quadrant I. 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Write the product using exponents. (Ski//s Review Handbook) 


49. 4¢4+4+4-4 XU, (ile) 3 (Se) eC) St. xexexexexex 
Write an equation of the line with the given slope and y-intercept. (Section 4./) 


52. slope: | Ss, cles; 2) 54, slope: -} 55. slope: 4 


y-intercept: —6 y-intercept: 5 y-intercept: —| y-intercept: 0 
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if students need help... 
Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time e Cumulative Review 


Student Journal 
e Practice | 


ae eee rere Se ae es 


Start the next Section 


{ 


| Differentiating the Lesson 
| Skills Review Handbook 


5.5-5.7 What Did You Learn? 


Core Vocabulary 


linear inequality in two variables, p. 252 

solution of a linear inequality in two variables, 
Pp. 252 

graph of a linear inequality, p. 252 


half-planes, p. 252 


Core Concepts 


Section 5.5 
Solving Linear Equations by Graphing, p. 246 


Section 5.6 


Graphing a Linear Inequality in Two Variables, p. 253 
Writing a Linear Incquality in Two Variables, p, 254 


Section 5.7 


Graphing a System of Linear Inequalities, p. 26/ 
Writing a System of Linear Inequalities, p. 262 


Mathematical Thinking 


1. Describe how to solve Exercise 39 on page 250 algebraically. 
2. Why is it important to be precise when answering part (a) of Exercise 48 on page 258? 


3. Describe the overall step-by-step process you used to solve Exercise 35 on page 265. 


pros c errr cee e- Performance Task - - - 


Prize Patrol 


You have been selected to drive a prize patrol cart and place prizes 
on the competing teams’ predetermined paths. You know the 
teams’ routes and you can only make one pass. Where will you 
place the prizes so that each team will have a chance to find a 
prize on their route? 


Bissage 
To explore the answer to this question and more, go to ( er 
BigldeasMath.com. Lamu 


system of linear inequalities, p. 260 

solution of a system of linear inequalities, p. 260 

graph of a system of linear inequalities, p. 26] 
es 


id 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Teaching Tools 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


il. 


Solve ax + b = cx + d for x. For 
each situation, determine whether 
the numerator and denominator are 
positive or negative. Then determine 
the sign of the quotient. 


Exceeding the maximum weight 
could be unsafe. 


Write the inequalities 

h + s <3(2000), s = 10%(2000), 
and h < 30%(2000). Simplify the 
expressions on the right side of each 
inequality. Choose values for s and 
h that make the last two inequalities 
true and verify that they also make 
the first inequality true. 
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ANSWERS Cha pte r Review Dynamic Solutions available at BigideasMath.com 


i, @ =5) Ses 
eile =I) ; ; ; 
ca 5.1 | Solving Systems of Linear Equations by Graphing (pp. 279-224) 
Gh (ee 3) Solve the system by graphing. y=x-2 Equation 1 
& @, i} y=-3x+2 Equation 2 
Step 1 Graph each equation. 
6. (2,0) p p quation 
a Step 2 Estimate the point of intersection. 
7. 8 brushes, 4 tubes of paint The graphs appear to intersect at (1, —1). 


Step 3 Check your point from Step 2. 


Equation 1 Equation 2 

yer= 2 yo -3x+2 
? 

== 1>=2 =i = =20)) +E 2 


| 
= 
ll 
| 
= 
| 
a 
Il 


av 


Solve the system of linear equations by graphing. 


th Se she ap ll 2. y=—4x4+3 3. 5x + Sy = 15 


i 
| 
| > The solution is (1, —1). 
| 
| 
| VS i= 4x —- 2y = 2x — 2y = 10 


5.2 Solving Systems of Linear Equations by Substitution (pp. 225-230) 


Solve the system by substitution. —2x + y = —8 Equation 1 
7x+y=10 Equation 2 
Step 1 Solve for y in Equation 1. 


y=2x-8 Revised Equation 1 


Step 2 Substitute 2x — 8 for y in Equation 2 and solve for x. 


7x+y= 10 Equation 2 
| 7x + (2x — 8) = 10 Substitute 2x —- 8 for y. 
9x- 8 = 10 Combine like terms. 
9x = 18 Add 8 to each side. 
x=2 Divide each side by 9. 
| Step 3 Substituting 2 for x in Equation | and solving for y gives y = —4. 


> The solution is (2, —4). 
Solve the system of linear equations by substitution. Check your solution. 


4. 3x+y=-9 5. x+4y=6 6. 2x + 3y=4 
y=5x+7 x-y=1 y+3x=6 


7. You spend $20 total on tubes of paint and disposable brushes for an art project. Tubes of paint 
| cost $4.00 each and paintbrushes cost $0.50 each. You purchase twice as many brushes as tubes 
of paint. How many brushes and tubes of paint do you purchase? 
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5.3 Solving Systems of Linear Equations by Elimination (op. 231-236) 


Solve the system by elimination. 


Step 1 Multiply Equation 2 by 3 so that the coefficients of thé y-terms are opposites. 


4x + 6y = -8 
x — 2y = -2 


4x + 6y = —8 4x + 6y = —-8 
x-2y=—2 QUITE 3 - Gy = -6 
: Step 2 Add the equations. 
4x + 6y = —8 Equation 1 
3x — 6y = —6 Revised Equation 2 
Tx =—14 Add the equations. 
| Step 3 Solve for x. 
Tx = —14 Resulting equation from Step 2 
2 = 2 Divide each side by 7, 


Step 4 Substitute —2 for x 
and solve for y. 


in One of the original equations 


4x + 6y = —8 Equation 1 
—8 + 6y = —-8 Multiply. 
y=0 Solve for y, 


> The solution is (—2, 0). 


ANSWERS 
oh (2, =8) 
Bs (= Sy) 
10. (4,5) 

Equation 1 11. 
Equation 2 


no solution 
12. no solution 


13. infinitely many solutions 
Equation 1 


Revised Equation 2 


Check = 
Equation 1 | "a 


j 
Equation 2 tiiiil hy 


Be 5 2 5 j 
fa )\ aca 2 


isis >] 
- (=2) ~ 20) = -2 
aa ie, 


; i} ‘ 


Solve the system of linear equations by elimination. Check your solution. 


8. Ox — 2y = 34 
Sie sp Ay = = 6) 


9. x + Oy = 28 
OF aed) ioediond 6°) 


| 4(—2) + 6y = ~8 Substitute —2 for x. 


Solving Special Systems of Linear Equations 
Solve the system. 


4x + 2y = -14 
y= —2x —6 


Equation 1 
Equation 2 


Solve by substitution. Substitute -2x — 6 for y in Equation 1, 
4x + 2y = —14 

Abe (= 2he (Gy = — fle 

4x —4x—12=—-14 


-12=-14X 


Equation 1 
Substitute —2x — 6 for y. 
Distributive Property 


Combine like terms. 


10. 8x —7y = —3 
6x — Sy = -1 


(pp. 237~242) 


P The equation —12 = — 14 is never true. So, the system has no solution. 


Solve the system of linear equations. 
Vil se S spar @ 12. 3x — 6y = -9 
Sols ap Sh) = 0) —5x + 10y = 10 


Chapter 5 


13. —4x + 4y = 32 
3x + 24 = 3y | 
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—— 


Chapter 5 
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ANSWERS 
Hel see =F 


15. 
16. 
17. 


i 2a ee 


= la 
n ye 


ae 
N, 
/ 
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5.5 


Solving Equations by Graphing (pp. 245-250) 


Solve 3x — 1 = —2x + 4 by graphing. Check your solution. 

Step 1 Write a system of linear equations using each side of the original equation. 

Step 2 Graph the system. —— 
y= she — Il Equation 1 
YS Seas Equation 2 


The graphs intersect at (1, 2). 


> So, the solution of the equation is x = 1. 


Solve the equation by graphing. Check your solution(s). 


14. x+1=-x-9 15. 2x=8=x-++ 5 


Linear Inequalities in Two Variables (pp. 251-258) 


Graph 4x + 2y 2 —6 in a coordinate plane. 


Step 1 Graph 4x + 2y = —6, or y = —2x — 3, Use a solid line 
| because the inequality symbol is 2. 


Step 2 Test (0, 0). 
4x + 2y => —6 Write the inequality. 
4(0) + 2(0) 3 =16) Substitute. 
V2 6 J Simplify. 


Step 3 Because (0, 0) is a solution, shade the half-plane that contains (0, 0), 


Graph the inequality in a coordinate plane. 


W. 9s <4 13 oes eS 19. 5x + 10y < 40 


‘5.7 Systems of Linear Inequalities (pp. 259-266) 


Graph the system. Pere e Inequality 1 
y22x-4 Inequality 2 


Step 1 Graph each inequality. 


Step 2 Find the intersection of the 
half-planes, One solution is (0, —3). 


The solution is the 
purple-shaded region. 


20S Zils 30 Skee gi Ph, 32a Shi 2 (8) 
Wes ce |i year : ese Wie 


is 


ae 


Graph the system of linear inequalities. 
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Solving Systems of Linear Equations 


ANSWERS 


1. (—3, 5); Sample answer: elimination 
because one of the variables has 


Solve the system of linear equations using any method. Explain why you chose 


the method. opposite coefficients 
Tee, y= 9 2 yee 3 2. (~10, -1); Sample answer: 
= gr + y= 25 ySoens tee Oye substitution because one of the 
3 . 


equations was solved for y 


4. x=y-11 5. 6x —4y = "* 6 y=5x- ae 
* y a i eS ' ‘i i 3. infinitely many solutions; Sample 
p= oS res Hie bys eS eae 
> ee ae) answer: substitution because one of 
7. Write a system of linear inequalities so the points (1, 2) and (4, —3) are solutions of the the equations was solved for oF 
system, but the point (—2, 8) is not a solution of the system. 4. (—17, —6); Sample answer: 
substitution because one of the 
Graph the system of linear inequalities. equations was solved for x 
AS = macula: ; 
8 y>-l Ch Sb set ar at 5. no solution; Sample answer: 


wes dy sxt4 elimination because no variable had a 
coefficient of 1 or -1 


HG, 2648 Hr < Il Wide y2-ixt are 
; 6. (6, 23); Sample answer: substitution 
SHE ae Wy > a =S2 56 YS w : 
because one of the equations was 
12. You pay $45.50 for 10 gallons of gasoline and 2 quarts of oil at a gas station. solved for y 
Your friend pays $22.75 for 5 gallons of the same gasoline and | quart of the WELCOME 7 Sample answer: x >and y<6 
same oil. ‘ : 
DATE 11/12/13 16:25 ’. aaa 
a, Is there enough information to determine the cost of 1 gallon of gasoline PUMP # 03 
and | quart of oil? Explain. PROOUCT: REGUNL 
b. The receipt shown is for buying the same gasoline and same oil. Js there Seames 8.00 
now enough information to determine the cost of | gallon of gasoline and sone OIL $38.00 
1 quart of oil? Explain. nee 3-4 
c. Determine the cost of | gallon of gasoline and 1 quart of oil. THANK YOU 


HAVE A NICE DAY 


13. Describe the advantages and disadvantages of solving a system of linear 
equations by graphing. 


14. You have at most $60 to spend on trophies and medals to give as 
prizes for a contest. 


Medals 


a. Write and graph an inequality that represents the numbers of 
$3 each 


trophies and medals you can buy. Identify and interpret a solution 


of the inequality. Trophies 


b. You want to purchase at least 6 items. Write and graph a system $12 each 
that represents the situation, How many of each item can you buy? 


15. Compare the slopes and y-intercepts of the graphs of the equations 
in the linear system 8x + 4y = 12 and 3y = —6x — 15 to determine 
whether the system has one solution, no solution, or infinitely many 
solutions. Explain. 
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If students need help... If students got it... 


Lesson Tutorials Resources by Chapter 
¢ Enrichment and Extension 
¢ Cumulative Review 


- 


BigideasMath.com Start the next Section 12-15. See Additional Answers. 


Skills Review Handbook Performance Task 
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ANSWERS Standards Assessment 


i, 1D 4 

Pe Vol 

3. 3248 : Fs ay 

i 1. The graph of which equation 1s shown? (TEAS A.2.8) 
3B 

ae @) 9x — 2y = -18 


-9x ~- 2y = 18 
©) 9x + 2y = 18 
@) —-9x + 2y = -18 


2. A van rental company rents out 6-, 8-, 12-, and 16-passenger vans. The function 
C(x) = 100 + 5x represents the cost C (in dollars) of renting an x-passenger van for a 
day. Which of the following numbers is in the range of the function? (TEKS A.2.A) 


® 6 @© 100 
GD 130 @D 150 


3. GRIDDED ANSWER The students in the graduating classes at three high schools in a 
school district have to pay for their cap-and-gown sets and extra tassels. At one high 
school, students pay $3262 for 215 cap-and-gown sets and 72 extra tassels. At another 
high school, students pay $3346 for 221 cap-and-gown sets and 72 extra tassels. How 
much (in dollars) do students at the third high school pay for 218 cap-and-gown sets 
and 56 extra tassels? (TEKS A.2J, TEKS A.3.C) 


4. Which of the following points is not a solution of the system of linear inequalities 
represented by the graph? (TEKS A.3.4) 


CA) (4, 10) * 
(5, 8) i 
(288) ‘ 
@> (0, 10) 2 


x 
a 
5. Consider the function f(x) = 2x — 1. Which of the 


following functions are represented by the graph? 
(TEKS A.3.E) 


I. g@) =f) +6 
Il. g(x) = f( — 3) 
WE. g(x) = f(x + 3) 
IV. g(x) = f(2x) 


C) Land II only @) Jand III only 
CH) I, I, and III only G) I, IL, Il, and IV 
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ANSWERS 


6. A 
Yo lal 
6. Line d is perpendicular to line a and passes through the point (—9, 2). Which of the pe 
following is an equation for line b? (TEKS A.2.F) NE 
eee . . 10. A 
yo-te- 1 
© yap-F 
@ y=-sx+1 


7. Which system of linear equations has no solution? (TEKS A.5.C) 


@ 7-2 S5 @ y=—4x + 6 
4y — 10x = 20 y=8r- 12 
@@ 2 =6r+4 D ytl=4e 
a ytiety 


8. A car dealership offers interest-free car loans for one day only. During this day, a 
salesperson at the dealership sells two cars. One of the clients decides to pay off 
a $17,424 car in 36 monthly payments of $484. The other client decides to pay off a 
$15,840 car in 48 monthly payments of $330. Which system of equations can you use 
to determine the number x of months after which both clients will have the same loan 
balance y (in dollars)? (TEKS A.2.1) 


@® y= —484x y = —484x + 17,424 
y= —330x y = —330x + 15,840 

© y = —484x + 15,840 @) y = 484x + 17,424 
y = ~330x + 17,424 y = 330x + 15,840 


9. The graph of which linear inequality is shown? (TEKS A.2. 1) 


@ y<-2x-1 
@ y<-2x-1 
CG) y>-2x-1 
@ y2-2x-1 


10. Simplify the expression 4(2x + 4) — 6(x + 1). (TEKS A.10.D) 


C@) 2x+ 10 ge ae 15 
© 2x+17 @) 2x+22 
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— ax eee ay 


Chapter 6 Pacing de | 
Chapter Opener/ 
Mathematical Thinking no) 
Section 1 2 Days 
Section 2 2 Days 


Section 3 


Section 4 


Quiz 
Section 5 
Section 6 


' Chapter Review/ 
Chapter Tests 


Total Chapter 6 


Year-to-Date 


Texas Essential 
Knowledge and Skills 
' . Summary 


Section TEKS 
Baia = 
6.2 |AlB 
A.A, A.9.B, A.9.C, A.9.D, 
AOE 
| A9.B, A.9.C, A.9.D 
TAq20 


ec 
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} 
| 
| 
t 
| 
| 
, 
: 


| 

3 iti 

: - < 
| = Soup Kitchen (p. 378) 
| : 
j 
, i 
; 
: 
| - \ : 4 Coyote Population (p. 297) 

— Jellyfish (p. 281) | 
natically proficient studeuts can apply the mathematics they know to solve problems 
ud the workplace. ae : 


For an overview of this chapter, formative assessment tips, and teaching strategies, 
see Laurie’s Notes at BigideasMath.com. 


Maintaining Mathematical Proficiency | ed aba OM ae 


Dynamic Assessment & Progress Monitoring Tool 


Using Order of Operations (6.7.4) Lesson Planning Too! 7 | 
Example 1 Evaluate 102 = (30 ~ 3) — 4(3 — 9) +. Interactive Whiteboard Lesson Library —_ 
Dynamic Classroom with Dynamic Investigations 


Real-Life STEM Videos 


First: Parentheses 102 + (30 + 7” 102 + 10 — 4(-6) + 5} 


Second: Exponents LOOR Ot 4G) er 
Third: — Multiplication and Division (from left to right) 10+ 24+5 


Fourth: Addition and Subtraction (from left to right) = 39 “3 Texas Essential 

Knowledge and Skills 
6.7.A The student is expected to 
| generate equivalent numerical expressions 
il 12(44) ~33415-92 2, 52-8+274+20-3-4 | using order of operations, including 
whole number exponents and prime 
factorization. 


Finding Square Roots (A.11.4) | A.11.A The student is expected to 
Example 2 Find —V81. simplity numerical radical expressions 
involving square roots. 


Evaluate the expression. 


> -Vv3l represents the negative square root. Because 9? = 81, —V81 = — V9? - ' j 
A.12.D The student is expected to write a 


formula for the nth term of arithmetic and 


car Tooter geometric sequences, given the value of 


4. Vo4 a 7, =V121 several of their terms. 
7 ANSWERS 
Writing Equations for Arithmetic Sequences (A.12.D) eee) 
Example 3 Write an equation for the nth term of the arithmetic sequence S, 15, 2S, 3S,.... 2. 106 
The first term is 5, and the common difference is 10. op 2 
= iy oP i = Wel Equation for an arithmetic sequence 8 
5 =2 
BS = — IGIO) Substitute 5 for a, and 10 for d. 
a, = 10n — 5 Simplify. ae 
Te 2B NN 
. : F é 8. a, =2n+ 10 
Write an equation for the nth term of the arithmetic sequence. 9 “ ee 
> By = Sil 
Be 2, ES IG MS an 3 ©. (oh, SO, = aa « 1OWe2 2 let oen | meee 10. a, = 5p Oe 
11. ABSTRACT REASONING Recall that a perfect square is a number with integers as its square 11. yes; no; The product of two perfect 


roots. Is the product of two perfect squares always a perfect square? Is the quotient of two squares can be represented by men = 


perfect squares always a perfect square? Explain your reasoning. (mm)(nn) = (mn)(mn) = (mn)? If m 


and n are integers, their product is 
also an integer, so (nn) is an integer. 
Dynamic Solutions availabie at BigideasMath.com There are many counterexamples 
illustrating that the quotient of two 
perfect squares does not have to be a 
perfect square, such as 9 + 4. 


For suggestions on Maintaining Mathematical Proficiency in your classroom, 
see Laurie’s Notes at BigideasMath.com. 


Have students make Information Wheels for the following topics. 


¢ Order of operations 
e Square roots 
e Arithmetic sequences 


’ Chapter 6 275 


MONITORING PROGRESS . 
ANSWERS Mathematical Mathematically proficient students use a problem-solving model that 


Th inking | incorporates analyzing given information, formulating a plan or strategy, 


1. 3435 
Be aie 


276 


determining a solution, justifying the solution, and evaluating the 
problem-solving process and the reasonableness of the solution. (A.1.B) 


Problem-Solving Strategies 


G Core Concept 


Finding a Pattern 


When solving a real-life problem, look for a pattern in the data. The pattern could 
include repeating items, numbers, or events. After you find the pattern, describe it 
and use it to solve the problem. 


CN Vie Using a Problem-Solving Strategy 


The volumes of seven chambers 
of a chambered nautilus 
are given. Find the volume 
of Chamber 10. 


SOLUTION 


To find a pattern, try 
dividing each volume Chamber 5: 1.068 cm? 
by the volume of the 
previous chamber. 


Chamber 7: 1.207 cm? 


Chamber 6: 1.135 cm3 


Chamber 4: 1,005 cm? 
Chamber 3: 0.945 cm? 
Chamber 2: 0.889 cm? 
Chamber 1; 0.836 cm? 
0.889 0.945 1.005 


1,068 LIBS) 1,207 
1.005 ite? 1,068 me Wiles ee 


From this, you can see that the volume of each chamber is about 6.3% greater than the 
volume of the previous chamber. To find the volume of Chamber 10, multiply the volume 
of Chamber 7 by 1.063 three times. 


1.207(1.063) = 1.283 1.283(1.063) = 1.364 1.364(1.063) = 1.450 


A 
volume of Chamber 8 | volume of Chamber 9 volume of Chamber 10 } 


> The volume of Chamber 10 is about 1.450 cubic centimeters. 


Monitoring Progress 


1. A rabbit population over 8 consecutive years is given by 50, 80, 128, 205, 328, 524, 
839, 1342. Find the population in the tenth year. 


2. The sums of the numbers in the first eight rows of Pascal’s Triangle are 1, 2, 4, 8, 16, 
32, 64, 128. Find the sum of the numbers in the tenth row. 
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For insights into Mathematical Thinking, see Laurie’s Notes at BigideasMath.com. 


'f students need help... If students got it... 


Student Journal 


e Maintaining Mathematical Proficiency GuMesCloset at i lea Maute 


Lesson Tutorials Start the next Section 


Skills Review Handbook 


Chapter 6 


Properties of Exponents 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Essential Question How can you write general rules involving 


TEXAS ESSENTIAL properties of exponents? 
KNOWLEDGE AND SKILLS 


AA1.B o zs 
AAR UC §=Writing Rules for Properties of Exponents 


Work with a partner. 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 


ee 
a. What happens when you multiply two powers with the same base? Write the 
product of the two powers as a single power. Then write a general rule for finding 
the product of two powers with the same base. 


ANALYZING 


MATHEMATICAL i ma + i ay res 
. (22) - a i. 454 = A.11.B The student is expected to simpli 
RELATIONSHIPS os — ———— Me fy 
iii. ZZ ’ vy. C2 E a 
To be proficient in math, ii, (5°)(S°) ee | Iv. (x°)(x°) ° numeric and algebraic Bi eeel Sle usING 
you need to understand b. What happens when you divide two powers with the same base? Write the quotient the laws of exponents, including integral 
and use stated assumptions, of the two powers as a single power. Then write a general rule for finding the and rational exponents. 
definitions, and previously quotient of two powers with the same base. 
established results in 3 a 
writing general rules. i. po ipa ii. ae Se 3 ANSWERS 
1. a. atqt=qnitn 
ny Oe a ay od eT ee. ae 5 
iii. a — a iv. 3 = . s ilk, ae 
ae 6 
¢. What happens when you find a power of a power? Write the expression as a single ii. 4 
power. Then write a general rule for finding a power of a power. iii, 58 
i 2; - ee i. (7° - iv. x8 
iii. os yee ye : iv. Gt? = ‘ te: = b. ae quan 
A 
d. What happens when you find a power of a product? Write the expression as the a 
product of two powers. Then write a general rule for finding a power of a product. i. 4! 
i 2 5°- i. 6-4) - ie: 
ii. (oY - iv. Gx? = ili, x 
e. What happens when you find a power of a quotient? Write the expression as the iy, 3° 
quotient of two powers. Then write a general rule for finding a power of a quotient. c (ay = am 
2 3 
i) ———© i (4) i. 28 
ite We 
ais x\3 _ — f a\4 -_ 
iii. | = PRGe” | Wat iv. sl = ‘Wel TW iii. y? 
ne ae 
Communicate Your Answer d. (aby" = ampm 
2. How can you write general rules involving j. 22.52 


roperties of exponents? aA 
ee Y ii, 53. 43 


iii. 62a? 
iv. 32x2 


av" qt 
cs i a pr 


3. There are 35 small cubes in the cube below. 
Write an expression for the number of small 
cubes in the large cube at the right. 
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For a section overview and insights into this Exploration page, bea 
see Laurie’s Notes at BigideasMath.com. om 


_ SUPPORTING English Language Learners 


2. Try several examples to find a 
pattern, then express the pattern using 


Have students work in pairs to complete the exploration and Communicate Your Answer. Have 
variables. 


them take turns reading aloud and discussing the instructions and questions with each other. 
Explain that to make certain they understand what their partner is saying, they should restate it in 
their own words and ask if that is what was meant. 


4 
Beginning Restate using simple phrases of two or three words. : 
Intermediate Restate using simple sentences. | 
Advanced/Advanced High Restate using multiple sentences. 


ELPS 2.D.2 Seek clarification [of spoken language] as needed. 
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Extra Example 1 
Evaluate each expression. 


ae 25m 


25 
b. (—3) a 


Extra Example 2 | | 
Simplify the expression ras Write 


your answer using only positive 
exponents. xy? 


MONITORING PROGRESS 


ANSWERS 
i, 1 


Be 
3 =! 
4 
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What You Will Learn 


Pm Use zero and negative exponents. 


P Use the properties of exponents. 
Core Vocabulary. > 


Solve real-life problems involving exponents. 
Previous 


power 
exponent 
base 


scientific notation @ Core Concept 


Zero Exponent 


Using Zero and Negative Exponents 


Words For any nonzero number a, a® = 1. The power 0° is undefined. 
Numbers 4° = 1 Algebra a®° = 1, wherea + 0 


Negative Exponents 


Words For any integer » and any nonzero number a, a~" is the reciprocal of a”. 


Numbers 4-2 = a Algebra a" = a5 where a # 0 
4¢ a” 


ON Vide Using Zero and Negative Exponents 


Evaluate each expression. 


a. 6.79 in, (= 

SOLUTION 

a. 6.79 = 1 Definition of zero exponent 

1 a) ( = Definition of negative exponent 
al. Fall : 
Bie Simplify. 


PeNViaewa Simplifying an Expression 


' : a ed i : ae 
Simplify the expression ye Write your answer using only positive exponents. 


SOLUTION 
Ase etna ae : 
= 4x%y Definition of negative exponent 
= 4y3 Definition of zero exponent 


Monitoring Progress a) Help in English and Spanish at BigideasMath.com 


Evaluate the expression. 


0 -3 =a 
A (=) 2) 3) 72 
. . . 2 75 . . soe 
4. Simplify the expression om Write your answer using only positive exponents. 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


Differentiated Instr , 


Inclusion 


Challenge students to write expressions that are equivalent to a simplified expression. For example, 
| give students the expression xy. Have them write two different expressions that can be simplified 


3 y-1y2 
x? x 
| tox’y. Sample answer: = 


xy 


Ree 


Using the Properties of Exponents Extra Example 3 


REMEMBER 


The expression x? is called G Core Concept Spy ete EN DISss lobe inte your 


a power. The base, x, is 
used as a factor 3 times 
because the exponent is 3. 


answer using only positive exponents. 


Product of Powers Property sf 98 He oe 
a. e = 


Let a be a real number, and let m and » be integers. 


Words To multiply powers with the same base, add their exponents. b (Ge ae 5 1 el 
Numbers 46-43 =46+3=49 Algebra a” -q"?=antn ey a A9 
pe 1 
Quotient of Powers Property Cada) d= qs 
Let @ be a nonzero real number, and let m and n be integers. | 
Words To divide powers with the same base, subtract their exponents, M @) N ITO RIN G PROG R ESS 
6 
Numbers = Moa 2 = ae Algebra S = a"~", where a # 0 ANSWERS 
a 
5. 
Power of a Power Property 6.1 
Let a be a real number, and let m and n be integers. 
a Ts G25 

Words To find a power of a power, multiply the exponents. 1 
Numbers (46)3 = 46°3 = 4l8 Algebra (am) = qin 8. cam 

oe y 


EXAMPLE 3 Using Properties of Exponents in. woo 


Simplify each expression. Write your answer using only positive exponents. 


(<4? 


eb 3 0 ea Bey? 
SOLUTION 
a. 32 « 36 = 32+6 Product of Powers Property 
= 38 = 6561 Simplify. 
b. = = (=4jye~ Quotient of Powers Property 
= (42 Simplify. 
= = = — sa Definition of negative exponent 
COZ) eo — ee Power of a Power Property 
=z Simplify. 


Definition of negative exponent 


Monitoring Progress a) Help in English and Spanish at BigideasMath.com 


Simplify the expression. Write your answer using only positive exponents. 


—s8 
5. 104 «10-6 a 2 = 
yo 2 
Poe oe)! 10. (w!2)5 
y 
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Extra Example 4 
Simplify each expression. Write your 
answer using only positive exponents. 


a. (—3x)? —27x3 


G Core Concept 


Power of a Product Property 


Let a and b be real numbers, and Jet m be an integer. 


Words To find a power of a product, find the power of each factor and multiply. 
Numbers (3 - 2) = 35-25 Algebra (ab)” = a™b” 


Dae. 
b. = 81 Power of a Quotient Property 
Let a and b be real numbers with b # 0, and let m be an integer. 

2x\? 8x3 

Cc. & 125 Words To find the power of a quotient, find the power of the numerator and the 
~ power of the denominator and divide. 
d 3¢ 16 Si\ ees ave at 
: we 9¢2 Numbers (3) aos Algebra (2) 7 where b # 0 


MONITORING PROGRESS 


ANSWERS >eNVigeaees Using Properties of Exponents ~ 
11. au - Simplify each expression. Write your answer using only positive exponents. 
Ne 4 \-5 
—1024 ees er al a (3) 
28 = 2 
5 
u SOLUTION 
13 a Ey (Glsir = (lar on Power of a Product Property 
* 32,10 
z = 2,25y? Simplify. 
49 3 
14. 3622 b. (-.) = ear Power of a Quotient Property 
3 
= STGa Simplify. 
ae 4 
ANOTHER WAY & ES = 0 Power of a Quotient Property ; 
Because the exponent is = 
; : 444 
negative, you could find ae d Power of a Product Property 
the reciprocal of the base 2 
j | ] 4 
| first. ge ue Ms ae simplify. 
ea fh Ss 
(2) -(2) ~ 32x5 -5 6 
d. (=) = Power of a Quotient Property 
ap aa ; 
= @v5 Definition of negative exponent 
35 
SoG Power of a Product Property 
= s Simplify. 
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Simplify the expression. Write your answer using only positive exponents. 


al (5) a) 
Nae ae — peal, 
11. (10y) 12. = 13. Ee 14. 7 
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Solving Real-Life Probl 
g ite Problems Extra Example 5 


SANViNaM Simplifying a Real-Life Expression | Which of the expressions shown represent 


; the volume of the cone, wh 
Which of the expressions shown represent the volume of the cylinder, where r is the i pails 


radius and h is the height? radius and A is the height? 
SOLUTION 
V= arh Formula for the volume of a cylinder 
2 2 
= a( 4) (h) Substitute 4 for r. 
Volume = ? - A 
= fe . 2 
= Unler (A) Power of a Quotient Property 
Dene Te Meriita! 3 
eis Simplify. 
4 
2 3 3 3 3 3) 2 
a = = Any expression equivalent to me represents the volume of the cylinder. mh uF mh 
Y h ies of ite ete ge oe 
0 t t ts ti t oa = 
ou Can use the properties of exponents to write 7 as Pil De : mie dare 
3 2r)3 Sa, ~Ci«CS aE 
* Note h = 2r. When you substitute 27 for A in a you can write mo as 27. 12 3 i 3 
: : ah 
* None of the other expressions are equivalent to ae 
; Extra Example 6 
REMEMBER p> The expressions 27P, 7h32~, and = represent the volume of the cylinder. ADVD player uses approximately 
A number is written in = ; 1.35 X 10~? kilowatt-hours of energy in 
scientific notation when PONV deee § Solving a Real-Life Problem 5 kil 
econ tetera < 10°. 4.5 X 10% hours. How many kilowatt- 
where 1 <a < 10 and A jellyfish emits about 1.25 X 108 particles of light, or photons, in hours of energy does the DVD player use 
b is an integer. 6.25 X 1074 second. How many photons does the jellyfish emit each second? | 


Write your answer in scientific notation and in standard form. Pee oe nee a 
a — notation and in standard form. 


3.9 X 102, or 0.03 kilowatt-hour of 
energy per hour 


SOLUTION 


Divide to find the unit rate. 


1.25 x 108 photons ; | 
rete aien Write the rate. H 
: | seconds | 

| 


MONITORING PROGRESS 


Byles 10s ; | 
= 6.25 10-4 Rewrite. ; AN SWERS 
2 
=0.2 x 10! Simplify. Sema a 
= 2 5 jo! Write in scientificnotation. ~ 
16. 9.2 x 10° 


p> The jellyfish emits 2 x 10!!, or 200,000,000,000 photons per second. 
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15. Write two expressions that represent the area of a base of the cylinder in 
Example 5. 


16. It takes the Sun about 2.3 X 10° years to orbit the center of the Milky Way. It 
takes Pluto about 2.5 X 10? years to orbit the Sun. How many times does Pluto 
orbit the Sun while the Sun completes one orbit around the center of the Milky 
Way? Write your answer in scientific notation. 
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| Closure 


¢ Response Logs: Select from “What is confusing me the most is ...” or “I was successful in ...”. 
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6.1 


Dynamic Solutions available at BigideasMath.com 


Exercises 


Assignment Guide and 
Homework Check 


Vocabulary and Core Concept Check 


1. VOCA8ULARY Which definitions or properties would you use to simplify the 
expression (48 » 4~4)~2? Explain. 


ASSIGNMENT 

Basic: 1-4, 5-45 odd, 55, 64, 67, 
70-75 

Average: 1-3, 4—44 even, 45, 
46-58 even, 64, 67, 70-75 
Advanced: 1-4, 10-24 even, 
32-44 even, 45, 46-64 even, 65-75 


. WRITING Explain when and how to use the Power of a Product Property. 
. WRITING Explain when and how to use the Quotient of Powers Property. 


DIFFERENT WORDS, SAME QUESTION Which is different? Find “both” answers. 


Simplify 3° + 39, 


Simplify 33 * ©. 


Simplify 3° * 3. Simplify 3° + 33, 
HOMEWORK CHECK 
Basic: 5, 13, 23, 37,55 
Average: 8, 16, 24, 38, 56 


Advanced: 10, 18, 32, 40, 56 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-12, evaluate the expression. S15), 
(See Example 1.) 


USING PROPERTIES 
A microscope magnifies 
an object 105 times. The 


Sah 0) 
i pS) ee length of an object is 
1077 meter. What is its 
=a —oR)5) 
ANSWERS =! p=) magnified length? 
1. Product of Powers Property, Power 9 2" 1G. 
of a Power Property, definition of . a 
F 2 —373 —8)-2 
negative exponents; Use the Product a 1B oo 34. USING PROPERTIES The area of the rectangular 


of Powers Property to simplify the 
expression inside the parentheses to 
44 Then, use the Power of a Power 


computer chip is 112ab* square microns. What is 


In Exercises 13-22, simplify the expression. Write your the length? 


answer using only positive exponents. (See Example 2.) 


Property to simplify the entire a ve 
expression to 4~8. Then, use the 15. 9x0y-3 eve 
definition of negative exponents Ra or, 
to produce the final answer, 17, 2 a 18. iy 
dU = nal ey reo 6 width = 8ab microns 
2. The Power of a Product Property en ae F ERROR ANALYSIS In Exercises 35 and 36, describe and 
is used when finding a power of a 21. et 22. =e correct the error in simplifying the expression. 
product by finding the Byer ONEAE In Exercises 23-32, simplify the expression. Write your ach Pune aes 
factor and multiplying. answer using only positive exponents. (See Exaniple 3.} x 2? a2 =| (2ierz) 
3. The Quotient of Powers Property is 23. eu 24. kao =2 
used when dividing powers that have 2 9) 
the same base. The answer is the 235.59) 2) 26. 47> +4° 36. 
: : BE ane ee 
common base raised to the difference 27. (ps4 28. (5-33 xa ee 
of the exponents of the numerator and = 8/4 
denominator. 29. 6 8-65 a, = (= =p 
Fee, ASO, Ail, A 2 
A Siimyellnhy 39°23 Bee 3 ok. 2.2 aes 
Sil a z 
6. | 282 Chapter 6 Exponential Functions and Sequences 
1 
Fe 625 
1 — — 
8. 5 
9, 7 iz l 5 4716 35. The product has a base of 
4m Oe 5 = WD 
10. -i 25. 6561 2 not 2 we L 2 z 
§ 
a ee 18. : 6. 1 36. The exponent of the 
i 3 9r Bae a quotient should be 
io, & 19 pb? oe the difference of the 
A ea 28. ge exponents, not 
Leh ge the quotient of the 
ae 20 49q? i x8 
eo "78 29) Se exponents; 
° 1 ae 
cme oy ae ae 
ji y? 3? Sil, 22 
oe no, 1625210 32.03 
a) ee $3.0 1052 im 
23. 625 34. 14a?b microns 
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In Exercises 37—44, simplify the expression. Write your 55. PROBLEM SOLVING In 2012, on average, about 
answer using only positive exponents. (See Example 4.) 9.46 X 107! pound of potatoes was produced for 
every 2.3 X 10~ acre harvested. How many pounds 


Dynamic Teaching Tools 


ah (Sse 38. (4x)+ 
of potatoes on average were produced for each acre Dynamic Assessment & Progress Monitoring Tool 
6 _2 harvested? Write your answer in scientific notation ; =. 
39. (5) 40. (5 } and in standard form. (See Example 6.) Interactive Whiteboard Lesson Library 
n ee 
alee ee 56. PROBLEM SOLVING The speed of light is Dynamic Classroom with Dynamic Investigations 
‘ i P approximately 3 X 105 kilometers per second. How 
w3\-2 1 \-6 long does it take sunlight to reach Jupiter? Write your 
43. ee 44. Tl answer in sci€atific notation and in standard from. AN SWERS 
Sin = Ye 
R SOL E 
45. USING PROPERTIES eM sl € I 
Which of the expressions ‘ & ; 38. 7564 
represent the volume ch e 56. 
of the sphere? Explain. PA < are. 39 n2 
See Example 5. ae Ye ° Be 
( xaimple 5.) ey ne, ee 36 
oe Distance: 7.8 x 108 kilometers 2 
352 \7} 2 J 40. — 
® = (25ars8)(3-) 9 
7S 
32m5° TS 57. MATHEMATICAL CONNECTIONS Consider Cube A 1 
25)5- : 41, ——__. 
© 3 One: 5 and Cube B. 243540 
Gil 
® es) ® Bas mim 42, —125p° 
36 
a. 43, =2 
46. MODELING WITH MATHEMATICS Diffusion is the w 
movement of molecules from one location to 2x 44. 64736 
another. The time f (in seconds) it takes : 
molecules to diffuse a distance of 6x 45. B,C, D; These expressions simplify 
i rs is oi = 
x centimeters is given by 7 DY. a. Which property of exponents should you use to be the vouiie of the sphere, 
where D is the diffusion coefficient. to simplify an expression for the volume of which is 3275 ; 
The diffusion coefficient for a drop each cube? 3 


of ink in water is about 1075 square 
centimeters per second. How 


46. 5 X 1074 sec 


b. How can you usc the Power of a Quotient Property 


ae ; ; to find how many times greater the volume of | 28 
jong will it take the ink to diff = | l6y 
jl ee ae eae Cube B is than the volume of Cube A? 47. 8 ep 
58. PROBLEM SOLVING A byte is a unit used to measure = 8521 
In Exercises 47-50, simplify the expression. Write your a computer’s memory. The table shows the numbers | 48. 3B 
answer using only positive exponents. of bytes in several units of measure. | . 
: z =e 10 
—2,,3\4 5-7 3 rs ica i) 1 A 
47. Bom 48. ES | Unit | kilobyte | megabyte gigabyte | terabyte | 49. 1444 
Number ra 20 i 30 ao | 8 1x5 y30 
3! xy 
49 (aie aay 50 (aa (25 i GC bytes | 2 | 2 @ | eee a 
~ \4m-2n9 On | NGS Sa = a > — | 125 
a. How many kilobytes are in | terabyte? } 51. 4.5 X 1073: 0.0045 
In Exercises 51-54, evaluate the expression. Write your : : | 3 
answer in scientific notation and standard form. b. How many megabytes are in 16 gigabytes? | 52. 4.88 x 107; 48,800,000 
51. (3 X 102\(1.5 X 1075) c. Another unit used to measure a computer’s } 53. 4x 102; 400 
, ; memory is a bit. There are 8 bits in a byte. How 5 
52. (6.1 X 10-3)(8 X 109) can you convert the number of bytes in each unit 34. 5 X 10°; 500 
ay: of measure given in the table to bits? Can you still 55. about 4.113 x 104 lb/acre; 
5 : 
53, (64107) 54, (3.9.X 10-5) a ae about 41,130 Ib/acre 
~ (1.6 X 10° * C8510 
( > ( ) 56. 2.6 X 103 sec; 2600 sec 
Section 6.1 Properties of Exponents 283 57. a. Power of a Product Property 
6x)? GR? ae cae 
b. Express ( as |——] . Simplif 
Se OE Bee 


the expression inside the 
parentheses to produce (3), so the 
volume is 27 times greater. 


58. a. 23° kilobytes 
b. 16,384 megabytes 


ec. Multiply each number in the 
table by 8; yes; The number 8 can 
be expressed as 23, so multiply 
each number in the table by 
23. Because the values have a 
common base of 2. they can be 
simplified using the Product of 
Powers Property. 
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REWRITING EXPRESSIONS In Exercises 59-62, rewrite 66. THOUGHT PROVOKING Write 


ANSWE RS the expression as a power of a product. expressions for r and h so that 
59. (2ab)3 ae ae the volume of the cone can 
60. (4rs)? a as i) be represented by the ! 
‘ rs ; 8 
61. 64w!82!2 62. 81x4y8 EADISSSLONOE Te 
61. (2w3z?)6 : Find r and h. a 
62. (9x*y*)? or Bxy?)* 63. USING STRUCTURE The probability of rolling a 6 ona 
ee es number cube is 7. The probability of rolling a 6 twice amie meas - 
oe ae 
6 in a row is (2) ad, 
i 6 36 67. MAKING AN ARGUMENT One of the smallest plant 
b. 1296 a. Write an expression seeds comes from an orchid, and one of the largest 
sae nhs that represents the —J plant seeds comes from a double coconut palm. A 
5; The probability of flipping : 
C. 35; the probability of lipping probability of rolling a 6 seed from an orchid has a mass of 10~¢ gram. The 


Pee \Seel any 
heads once is =, and a is = n times in a row. 


oye 
64. a. b. What is the probability friend says that the seed from the double coconut 
of rolling a 6 four times 


1 
2 i: on 
b. 271: 9-2: 2-3: 9-4 fe oa palm has a mass of about 1] kilogram. Is your friend 
; > > : correct? Explain. : 


5 | mass of a seed from a double coconut palm is 10!° 


times the mass of the seed from the orchid. Your 


65. x = 8, y = —1; Using the Quotient of. ¢. What is the probability of flipping heads on a coin 
Powers Property, you can conclude five times in a row? Explain. 68. CRITICAL THINKING Your school is conducting a 
survey. Students can answer the questions in either 


from the first equation that x — y = 9. a ig ve eo ee 


Using the Product of Powers Property 64. HOW DO YOU SEE IT? The shaded part of Figure n 

and the Quotient of Powers Property, represents the portion of a piece of paper visible Part 4: 13 questions 
you can conclude from the second after folding the paper in half n times. 
equation that x + 2 — 3y = 13. Use 


Part 2: 10 questions 


5; Part 1: Classroom Agree Disagree 
these equations to solve a system of 
: i 1. 1] come prepared for class. oO @ 
linear equations. = ; 
2. Lenjoy my assignments. (©) oO 


66. Sample answer: r= x?,h = 8127 


67. no; The mass of the seed from the 
double coconut palm is 10 kilograms. 


a. What power of 2 represents the number of 
different ways that a student can answer all 
the questions in Part 1? \ 


OS an 
xn : - b. What power of 2 represents the number of 
b. 2° Figure 3 Figure 4 different ways that a student can answer all 
13 23 the questions on the entire survey? 
c. They become 3™ and 3°. a. What fraction of the original piece of paper is each : : 
6027S See Addivaualleanecre shaded part? c. The survey changes, and students can now answer 


“agree,” “disagree,” or “no opinion.’ How does 


b. Rewnite each fraction from part (a) in the form 2°. this affect your answers in parts (a) and (b)? 


69. ABSTRACT REASONING Compare the values of a” and 
a" when nv < 0, when nv = 0, and when n > 0 for 
= b}3, Explain how you found your answer. (a) a > ] and (b) 0 < a < |. Explain your reasoning. 


65. REASONING Find x and y when nd 
bY 
bee b? 
Be 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Find tbe square root(s). (Skills Review Handbook) 


70. V25 71. —Vi00 


Classify the real number in as many ways as possible. (Skilis Review Handbook) 


Mini-Assessment 


7B, ay 2 


0 
1. Evaluate the expression ar ? 


ies 
Simplify the expression. Write your 
answer using only positive exponents. 
Dex TB Ke 5 


3 ea ga77 
as 125n3 

4. A laptop computer uses 
approximately 8.4 x 1073 kilowatt- 
hours of energy in 3.5 X 107! 
hours. How many kilowatt-hours 
of energy does the laptop use 
per hour? Write your answer in 
scientific notation and in standard 
forms: 2:4 <\Gies on 
0.024 kilowatt-hours of energy 
per hour 
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If students need help... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 


e Puzzle Time / @ Cumulative Review 
a 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 
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Radicals and Rational Exponents 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


A.11.B 


JUSTIFYING 
THE SOLUTION 


To be proficient-in math, 
you need to justify 

your conclusions and 
communicate them 

to others. 


Essential Question How can you write and evaluate an nth root of 


a number? 
Recall that you cube a number as follows. 


3rd power } 


| 


23=2+2 -D=08 2 cubed is 8. 


To “undo” cubing a number, take the cube root of the number. 


ea) 
cube root is xe Rie ace 
EXPLORATION 1 Finding Cube Roots 


Work with a partner. Use a cube root 
symbol to write the side length of each 
cube. Then find the cube root. Check 
your answers by multiplying. Which 
cube is the largest? Which two cubes 
are the same size? Explain your 
reasoning. 


The cube root of 8 js 2. 


c. Volume = 3375 in3 


f. Volume = 2 mm? 


a. Volume = 27 ft? b. Volume = 125 cm? 


d. Volume = 3.375 m3 


“EXPLORATION 2 Estimating nth Roots 


Work with a partner. Estimate each positive nth root. Then match each nth root with 
the point on the number line. Justify your answers. 


e. Volume = 1 yd? 


a. W725 b. V0.5 c. V2.5 
d. W65 e. V55 if 420,000 
A. B. ie D. E. F. 
0 1 2 3 4 5 6 


Communicate Your Answer 


3. How can you write and evaluate an ath root of a number? 


4. The body mass (in kilograms) of a dinosaur that walked on two feet can be 
modeled by 


m = (0.00016)C2.73 


where C is the circumference (in millimeters) of the dinosaur’s femur. The mass 
of a Tyrannosaurus rex was 4000 kilograms. Use a calculator to approximate the 
circumference of its femur. 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


, SUPPORTING English Language Learners 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.11.B The student is expected to simplify 
numeric and algebraic expressions using 


the laws of exponents, including integral 
and rational exponents. 


ANSWERS 

la. V27 ft: 3 ft 
b. W125 cm: 5 cm 
ce. V3375 in. 15 in. 
d. 3.375 m: 1.5m 
evi yd; l yd 


f. aes. 2.5 mm 


d; a and e; The cube in part (b) has 
the largest side length of 1.5 meters. 
The cubes in parts (a) and (e) have 
equal side lengths because 

3 feet = 1 yard. 

2. a. Sample answer: 2.2; C; 25 is 
between 2* = 16 and 34 = 81, 
and C is the only point on the 
graph between 2 and 3. 

b. Sample answer: 0.7; A; 0.5 is 
between 0? = 0 and 17 = 1, 
and A is the only point on the 
graph between 0 and 1. 

c. Sample answer: 1.2; B; 2.5 is 
between 1° = 1 and 2° = 32, 
and B is the only point on the 
graph between | and 2. 


2d—4, See Additional Answers. 


ELPS 3.F.1 Ask [for] information ranging from using a very limited 


Have students complete the explorations in groups of mixed language 
bank of high-frequency, high-need, concrete vocabulary, including key | 
: 


abilities. Remind students that to obtain information from each other, 
they may want to use the question words how, which, why, what, when, 
where, or who. 


words and expressions needed for basic communication in academic 
and social contexts, to using abstract and content-based vocabulary 
Advanced/Advanced High Lead the explorations by reading the during extended speaking assignments. 
instructions. Ask others if they have questions. Question the teacher if 
clarification is needed. 

Beginning Ask for basic information needed to do the calculations. | 


Intermediate Ask for clarification of the procedures needed. ] 
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Extra Example 1 

Find the indicated real nth root(s) of a. 

a.n=3,a=—64 ¥/-64 = —4, or 
(—64)"3 = -4 


n=2,a=81 +V81 = +9, or 
+(81)"2 = +9 


MONITORING PROGRESS 
ANSWERS 

iL 5 

Pie BE 
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nth root of a, p. 286 
radical, p. 286 
index of a radical, p. 286 


| 
Previous 
square root 
NS 


READING 
+ Va represents both the 
positive and negative nth 


| 
| roots of a. P 
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G Core Concept 


What You Will Learn 


Pp Find nth roots. 
p> Evaluate expressions with rational exponents. 
> Solve real-life problems involving rational exponents. 


Finding nth Roots 


You can extend the concept of a square root to other types of roots. For example, 

2 is a cube root of 8 because 23 = 8, and 3 is a fourth root of 81 because 34 = 81. 
In general, for an integer # greater than 1, if b" = a, then b is an xth root of a. An 
nth root of a is written as ¥/a, where the expression Y/@ is called a radical and n is 
the index of the radical. 


You can also write an wth root of a as a power of a. If you assume the Power of a 
Power Property applies to rational exponents, then the following is true. 


(all2y2 = qili2) oer pl SF 
(a'3)3 = gil3)*3 =gl=q . 
(a4y4 = gil/4)°4 = ql 


a 


Because a!” is a number whose square is a, you can write Va = a!/?. Similarly, 
Wa = a3 and Ya = a4. In general, Ya = a!” for any integer n greater than 1. 


Real nth Roots of a 


Let n be an integer greater than 1, and let a be a real number. 


* Ifnis odd, then a has one real nth root: Ya = a'’” 

* Ifnis even and a > 0, then a has two real nth roots: +va = +a!” 
¢ Ifnis even and a = 0, then a has one real nth root: V0 =0 

¢ Tfnis evenanda < 0, then a has no real nth roots. 


The nth roots of a number may be real numbers or imaginary numbers. You will study 
imaginary numbers in a future course. 


“EXAMPLE 1 


Finding nth Roots 


Find the indicated real nth root(s) of a. 


aon=3,a=—-27 b. n =4,a = 16 
SOLUTION 
a. The index n = 3 is odd, so —27 has one real cube root. Because (—3)? = —27, the 


cube root of —27 is y 27 


Buon enue 3h 


b. The index 7 = 4 is even, and a > 0. So, 16 has two real fourth roots. Because 
2* = 16 and (—2)* = 16, the fourth roots of 16 are = V16 = 2 Pot ENG = 22. 


Monitoring Progress od) Help in English and Spanish at BigideasMath.com 
Find the indicated real mth root(s) of a. 


ih BS Sh@ = = (125 A, fe =6,@ = 6! 


Exponential Functions and Sequences 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigideasMath.com. 


Evaluating Expressions with Rational Exponents 


Recall that the radical Va indicates the positive square root of a. Similarly, an nth root 


Extra Example 2 


of a, Va, with an even index indicates the positive nth root of a. Evaluate each expression. 
REMEMBER , ¥/ 
; PON idkawag Evaluating nth Root Expressions a. V8t 3 
The expression under 4 
ay cee sign is the Evaluate each expression. b. — : Sis 
radicand. 1/2 
a. W—8 b. —V8 c. 1614 d. (—16)'4 & 2 2 ; 
d. (—25)"2 (—25)'? is not a real number 
SOLUTION * F 
¥ : because there is no real number 
a. V—8 = V/(—2) + (-2) « (-2) Rewrite the expression showing factors. that can be multiplied by itself to 
= =)! Evaluate the cube root. produce 295. 
b. —V8 = = Vee 2) Rewrite the expression showing factors. 
= —-(2) Evaluate the cube root. Extra Example 3 
225 Simplify. | a. Evaluate 2432/9, 9 
c. 164 = 1/16 Rewrite the expression in radical form. b. Evaluate 1632/2. 64 
= VWI 8D oD oD Rewrite the expression showing factors. 
=2 Evaluate the fourth root. MONITORING PROGRESS 
d. (—16)!4is not a real number because there is no real number that can be multiplied ANSWERS 
by itself four times to produce — 16. ah = 
A rational exponent does not have to be of the form 1/n. Other rational numbers 4. 16 
such as 3/2 can also be used as exponents. You can use the properties of exponents 5. 243 
to evaluate or simplify expressions involving rational exponents. 6. 64 


STUDY TIP & Core Concept 


You can rewrite 2772 as 
27°) *2 and then use the 
Power of a Power Property 
to show that 


27173) + 2 = (271292, 


Rational Exponents 


Let a!” be an nth root of a, and let m be a positive integer. 


Algebra qnin = (qiinym = (WYa)” i 


Numbers 2723 = (27!3 = (Wa7) 


eNViige-aecm Evaluating Expressions with Rational Exponents 


Evaluate (a) 1674 and (b) 2742. 


SOLUTION 

a. 16° = (16!4)3 Rational exponents b. 2743 = (27'%)4 
=23 Evaluate the nth root. = 34 
=8 Evaluate the power. = 81 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Evaluate the expression. 


a, WSs 4. (—64)23 5, 952 6. 25634 
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Differentiated Instruction 


Kinesthetic 

Some students may benefit by having access to a scientific or graphing calculator. After evaluating 
the expressions, students can enter the expressions in the calculator, find the values, and compare 
the calculated values to their answers. 
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Extra Example 4 DENY eeeee Simplifying Expressions with Rational Exponents 


Simplify the expression 82/3 - 853, 128 a, 2748 «2718 = 2748 + 18 Product of Powers Property 
= 2758 Simplify. 
Extra Example 5 = (27'8)5 Definition of rational exponent 
The radius r of a sphere is given by = 35 Evaluate the nth root. 
1/3 c= 
: = 243 Evaluate the power. 
the equation r = ee , where V 
4a Lh, ale se pale — gl Se Quotient of Powers Property 
is the volume of the sphere. = leno Rewrite fractions with common denominator. 
aa: = iii — 
Volume = 463 cubic inches Se Simplify. 
= ae Definition of negative exponent 


Solving Real-Life Problems 


EXAMPLE 5 Solving a Real-Life Problem 


18 
Volume = 113 cubic feet The radius r of a sphere is given by the equation r = i , where V is the volume 
_— ' 7 


Find the radius of the basketball to the 
nearest inch. Use 3.14 for a. The radius of 
the basketball is about 5 inches. 


of the sphere. Find the radius of the beach ball to the nearest foot. Use 3.14 for 7. 


SOLUTION 


\ i. Understand the Problem You know the equation that represents the radius of a 
sphere in terms of its volume. You are asked to find the radius for a given volume. 


MONITORING PROGRESS 


} 2. Make a Plan Substitute the given volume into the equation. Then evaluate to find 


ANSWERS the radius. 
Fi, |e 3. Solve the Problem 
1 18 ; 
8. A r= (34) Write the equation. 
9, Diy he ar ye 
10. about 16 in. = [22%] Substitute 113 for V and 3.14 for 7. 
13 
= (222. Multiply. 
=z 3 Use a calculator. 


> The radius of the beach ball is about 3 feet. 


4. Look Back To check that your answer is reasonable, compare the size of the ball 
to the size of the woman pushing the ball. The ball appears to be slightly taller than 
the woman. The average height of a woman is between 5 and 6 feet. So, a radius of 
3 feet, or height of 6 feet, seems reasonable for the beach ball. 
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Simplify the expression. Write your answer using only positive exponents. 


7. 125/2 pay 1212 8. 1673/4 ¥ 1614 9. 2y7 - y/6 


40. WHAT IF? In Example 5, the volume of the beach ball is 17,000 cubic inches. 
Find the radius to the nearest inch. Use 3.14 for 7. 
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| Closure 


¢ Writing Prompt: To evaluate the expression 64°... Sample answer: Rewrite 64°’ as (64")5, 
Evaluate the 6th root of 64 to get 2 and then evaluate the power 2° to get 32. 
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6.2 Exercises 


1. WRITING Explain how to evaluate 81 '/*. 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


2. WHICH ONE DOESN'T BELONG? Which expression does not belong with the gther three? Explain 


your reasoning. 


(Wa7) IPB 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3 and 4, rewrite the expression in rational 
exponent form. 


3. V10 4. W34 


In Exercises 5 and 6, rewrite the expression in radical 
form. 


S, diss 6. 140" 


In Exercises 7-10, find the indicated real mth root(s) 
ofa. (See Example /.) 


7. n=2,a= 36 8 n=4,a=81 
9. n=3,a = 1000 10. n= 9,a= —512 


MATHEMATICAL CONNECTIONS In Exercises II and I2, 
find the dimensions of the cube. Check your answer. 


11. Volume = 64 in.? 12. Volume = 216 cm3 


In Exercises 13-18, evaluate the expression. 
(See Example 2.) 


13. 256 i, W =e 
1s. V—343 16. —V/1024 
17. 12817 18. (—64)!2 


In Exercises 19 and 20, rewrite the expression in 
rational exponent form. 


19. (8) 20. (/=21)" 


In Exercises 21 and 22, rewrite the expression in 
radical form. 


21. (—4)27 22, 99? 


In Exercises 23-28, evaluate the expression. 
(See Example 3.) 


23. 3235 24. 12573 
25. (-—36)3? 26. (—243)%5 
27. (—128)57 28. 34343 


29. ERROR ANALYSIS Describe and correct the error in 
rewriting the expression in rational exponent form. 


X ware 


30. ERROR ANALYSIS Describe and correct the error in 
evaluating the expression. 


x ‘Gonjee— ((—81) 475 
=(—3) 


=—27 


In Exercises 31-34, evaluate the expression. 


1 \8 1 \"6 
Sil |= 32, ip 
| a 64 


Eh (yee 34m(O) a2 
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Assignment Guide and. 
Homework Check 


ASSIGNMENT 


Basic: 1, 2, 3-29 odd, 35-45 odd, 48, | 
50. 63-66 


Average: 1, 2-50 even, 55, 63-66 


Advanced: 1, 2, 8-12 even, 
16-46 even, 47-66 


HOMEWORK CHECK 

Basic: 7, 13, 23, 37, 45 
Average: 8, 14, 26, 38, 46 
Advanced: 10, 16, 26, 40, 46 


ANSWERS 
1. Find the fourth root of 81, or what 
real number multiplied by itself four 
times produces 81. 


De (y 25) ). It is the only one that is not 
equivalent to 9. 


3. 10M 
ub gulle 


18. nota real number 

19. 845 

20. —21%° 

2/4) 

22, (v9)? 

235s 

24, 25 

25. not areal number 

26. 9 

Ms = 32 

28. 2401 

29. The numerator and denominator are 
reversed; (W2)r= 24/3 


30. The number —81 does not have a real 
fourth root; not a real number 


Cio = 
Go 
oe 


33. 
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35. PROBLEM SOLVING A math club is having a bake 48. HOW DO YOU SEE IT? 


Dynamic Teaching Tools sale. Find the area of the bake sale sign. Write an expression in 
rationa] exponent form 
Dynamic Assessment & Progress Monitoring Tool that represents the side Area = x in.2 


: , : length of th ; 
interactive Whiteboard Lesson Library SNE UL ORIG SUAtC 


Dynamic Classroom with Dynamic Investigations BY? ft 
Math Club Bake Sale this Saturday 49. REASONING For what values of x is x = x15? 
ANSWERS ca 
BE Gill 50. MAKING AN ARGUMENT Your friend says that for 
36. 243 mm 36. PROBLEM SOLVING The volume of a cubc-shaped ‘ el Bebe aleng aug We ee 
ees Si: : of Y/a is always positive and the value of — Ya is 
box is 27° cubic millimeters. Find the length of one : : : 
ie 25) a eeonon always negative. Is your friend correct? Explain. 
38. 8 In Exercises 51-54, simplify the expression. 
39. 5 In Exercises 37-44, simplify the expression. Write your P 
i i answer using only positive exponents. (See Example 4.) 51. (y)3 «Vx Gv, (G70 ee? 
40. = 
oo —3/2 . 57/2 $3 = 9~4/3 
3, SD 5 38. 2 2 53. xe 3/56 pare Ve 54. Gls» yll2)9 oy 
ay. a2 as a 1\l2 71 \3/4 
1 eee Wa es ate (re ‘ (a 55. PROBLEM SOLVING The formula for the volume of a 
42. ZHAs 41. d34 + qv 42. 275. 728 regular dodecahedron is V ~ 7.66 23, where £ is the 
: : length of an edge. The volume of the dodecahedron is 
43, 4n13/8 43. 4n® « p32 AO peer ie 20 cubic feet. Estimate the edge length. 
1 
44. Tq23 45. MODELING WITH MATHEMATICS The radius r of the 


base of a cone is given by the equation 


45. about | in. 
46. about 44 m3 


47, Write the radicand, a, as the base and 
write the exponent as a fraction with 
the power, m, as the numerator and 
the index, n, as the denominator. 

48. x! in. 

49. —1,0, and 1 


50. no; If nis odd and a is negative, Va 
will be negative, and —/a will be 


where V is the volume 
of the cone and A is 


the height of the cone. 4in. , ' \ 
Find the radius of the 56. THOUGHT PROVOKING Find a formula (for instance, 


from geometry or physics) that contains a radical. 
Rewrite the formula using rational exponents. 


| SS D aicnekidinmalaasemcaneeaceoneaaadiaal 


paper cup to the nearest 
inch. Use 3.14 for a. Volume = 5 in.? 
(See Example 5.} 


nG GDELING WITH MATHEMATICS Th I f ABSTRACT REASONING In Exercises 57-62, let x be 
eo : ee Or a nonnegative real number. Determine whether the 


Ge ; 1 : : , 
sphere is given by the equation V = ae 32, where statement is always, sometimes, or never true. Justify 


positive. S is the surface area of the sphere. Find the volume of A EEE 
51. (xy)'2 52. y2 a sphere, to the nearest cubic meter, that has a surface 57. (x53 =x 58. x!3 = x73 
area of 60 square meters. Use 3.14 for a. 
53. 2xy- 54. xy? 59, 8 = Ay, ls 8 
55. about 1.38 ft 47. WRITING Explain how to write (¥/a )” in rational 
: ‘ exponent form. 21 
i 61. “a= VE 62. x= 2718. 
2 


56. Sample answer: period of a 


g\12 
pendulum: 7 = 2n{ =| M aintaining Mathematical Proficiency — revewing wnat you teamed in previous grades and lessons 


57. always; Power of a Power Property Evaluate the function when x = —3, 0, and 8. (Section 3.3) 


58. sometimes; true when x = 1, 
otherwise false 


63. f(x) = 2x — 10 64. w(x) = —Sx- 1 65. A(x) = 13 -—x 66. g(x) = 8x + 16 


59. always; definition of rational 
exponent 


60-66. See Additional Answers. 
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If students got it... 


Resources by Chapter 
Mini-Assessment e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


1. Find the indicated real nth roots of a. 
Student Journal 


n=4,a=625 +V/625 = +5, Start the next Section 


Oy EES = eS e Practice 


Evaluate the expression. Differentiating the Lesson | 


2. 41296 —6 Skills Review Handbook 


Brod 9250 
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Exponential Functions 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Essential Question What are some of the characteristics of the 


TEXAS ESSENTIAL graph of an exponential function? 
KNOWLEDGE AND SKILLS 


AA — , 
A9.B Rel v-Nile)\ is §=Exploring an Exponential Function 


A.9.C 
A9.D Work with a partner. Copy and complete each table for the exponential function 


A9.E y = 16(2)}*. In each table, what do you notice about the values of x? What do you 
notice about the values of y? 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library | 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 


| yee | iy 10 | A.9.A The student is expected to 
determine the domain and range of 
u 0 exponential functions of the form 
T 1) f(x) = ab* and represent the domain 
1 aa and range using inequalities. 
Eanes ) [omy occu ) A.9.B The student is expected to interpret 
2 | 4 | | the meaning of the values of a and b 
‘aaa ) ae ) in exponential functions of the form 
3 6 | f(x) = ab* in real-world problems. 
| aaa 1) % 4) A.9.C The student is expected to 
4 8 | write exponential functions in the form 
JUSTIFYING THE Jp 1) pp} = ey) = ab* (where b is a rational number) 
SOLUTION 5 10 | to describe problems arising from 
ie. 2 eee mathematical and real-world situations, 


To be proficient in math, 
you need to justify , 
your conclusions and Exploring an Exponential Function 
communicate them 
to others. 


including growth and decay. 


A.9.D The student is expected to graph 
exponential functions that model growth 
and decay and identify key features, 
including y-intercept and asymptote, in 
mathematical and real-world problems. 


x 
Work with a partner. Repeat Exploration 1 for the exponential function y = 16(4) : 
Do you think the statement below is true for any exponential function? Justify 
your answer. 


“As the independent variable x changes by a constant amount, the dependent 
variable y is multiplied by a constant factor.” 


Sake) Graphing Exponential Functions 


Work with a partner. Sketch the graphs of the functions given in Explorations | 
and 2. How are the graphs similar? How are they different? 


A.9.E The student is expected to write, 
using technology, exponential functions 
that provide a reasonable fit to data and 
make predictions for real-world problems. 
Communicate Your Answer 


4. What are some of the characteristics of the graph of an exponential function? 


ANSWERS 
Ih, ke), 332%, v4, WAS, ZS, SIs Nie), Gul, 
256, 1024, 4096, 16,384; Each value 
of x increases by the same amount; 
Each value of y is multiplied by the 
same factor. 


2-5.See Additional Answers, 


5. Sketch the graph of each exponential function. Does each graph have the 
characteristics you described in Question 4? Explain your reasoning. 


a, y=2* b. y = 2% ce y= 31.5) 
a.y=(') e y=3(t} tL y=2( 
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For a section overview and insights into this Exploration page, 


see Laurie’s Notes at BigideasMath.com. 


SUPPORTING English Language Learners 


Have students complete the explorations and Communicate Your Answer Beginning Use simple phrases to provide information. 
in groups of mixed language abilities. Explain that these are the tasks Intermediate Use complete sentences to provide information. 


they will perform as they work through the explorations: copy, complete, —_ EL ps 3.F.2 Give information ranging from using a very limited bank of | 
repeat, justify, sketch, and explain. Review the meanings of these words, high-frequency, high-need, concrete vocabulary, including key words | 


if needed. and expressions needed for basic communication in academic and 
Advanced/Advanced High Lead the work in the explorations by social contexts, to using abstract and content-based vocabulary during 
reading the instructions and questions, and paraphrasing what needs extended speaking assignments. 


to be done. 
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What You Will Learn 


> Identify and evaluate exponential functions. 


Extra Example 1 
Does each table represent a /inear or an 


exponential function? Explain. Core Vocabul > Graph exponential functions. 


a > Solve real-life problems involving exponential functions. 
: 0 D | 4 6 exponential function, p. 292 
eaymptolenneess eoeiang and Evaluating Exponential Functions 
y : z | e eal ree : xponentia tion is a nonlinear function of the form y = ab*, where a # 0, 


hae ‘amie t f independent variable b# 1, ra bs > 0. As the independent variable x changes by a constant amount, the 
The function is linear. As x increases y dependent variable dependent variable y is multiplied by a constant factor, which means consecutive 


2, y increases by 2. The rate of change parent function y-values form a constant ratio. 


Is constant. “EXAMPLE 1 Identifying Functions 


b. 
Does each table represent a linear or an exponential function? Explain. 
a Cire -| RRR 
= ; } 
The function is exponential. As x Pa? | cui | : an | 8 | ee | 
increases by 1, y is multiplied by 3. SOLUTION 
a, 4] sei) aed b. sell ae) ab 
Extra Example 2 STUDY TIP bya ee Te if 
Evaluate each function for the given | In Example 1b, consecutive a= ° dl ae Mol: [ais 
y-values form a constant elas 
value of x. EARS RAE m4 | 8 | 16 | 3 
eT a EE Se a ae, 
a. y= —3(4>x =2 —48 +2 +2 «+2 OD 
= Matias ae > Asx increases by 1, y increases P As x increases by 1, y is 
b. yy 2(0.25) ve 3 128 by 2. The rate of change is multiplied by 2. So, the 
constant. So, the function is linear. function is exponential. 
MONITORING PROGRESS “EXAMPLE 2 Evaluating Exponential Functions 
ANSWERS 
1 exponential; As x increases by 1, y is Evaluate each function for the given value of x. 
multiplied by 7 a. y= —2(65);x = 3 b. y = 30.5%; x = —2 
2. linear; As x increases by 4, SOLUTION : 
y decreases by 1. The rate of change a. y = —2(5)* Write the function. —b. y = 3(0.5)* 
nstant. 
a ope: = =25)" Substitute for x. = Aa" 
2 ar a = —2(125) Evaluate the power. = 3(4) 
4\, 3758 Se alovowt: 2 12 ; 
= —250 Multiply. = 12 
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Does the table represent a Jinear or an exponential function? Explain. 


1. ] 2, i 2 
ei oft} 2/3 | ae 
LI RSEREVEE _ ERIEIE: 
Evaluate the function when x = —2, 0, and ie 
= Wee & pe LIP 
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For classroom suggestions on teaching this lesson, see Laurie's Notes 
at BigldeasMath.com. 
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~— 16 
(F(x) = 4(2") | 


aia ie || = 


Graphing Exponential Functions 

The graph of a function y = ab* is a vertical stretch or shrink by a factor of |a| of the 
graph of the parent function y = b*. When a < 0, the graph is also reflected in the 
x-axis. The y-intercept of the graph of y = ab’ is a. 


© Core Concept 


Graphing y = ab* Whenb>1 Graphing y = ab* When0 < b <1 


The x-axis is anesymptote } 
of the graph of y = ab*. 

An asymptote is a line 
that a graph approaches 
but never intersects. 


CNV Reem §=Graphing y = ab When b > 1 


Graph f(x) = 4(2)*. Compare the graph to the graph of the parent function. Identify the 
y-intercepts and asymptotes of the graphs. Describe the domain and range of f, 


x |-2/-1] 0 ie 
see a fis | 


Step 3 Draw a smooth curve through the points. 


SOLUTION 
Step 1 Make a table of values. 


Step 2 Plot the ordered pairs. 


> The parent function is g(x) = 2*. The graph of fis a vertical stretch by a factor of 
4 of the graph of g. The y-intercept of the graph of f, 4, is above the y-intercept 
of the graph of g, 1. The x-axis is an asymptote of both the graphs of f and g. 
From the graph of f, you can see that the domain is all real numbers and the 
range is y > 0. 


PONV ighaeeg § Graphing y = ab* When 0 < b < 1 


Graph f(x) = -(3). Compare the graph to the graph of the parent function. Identify 
the y-intercepts and asymptotes of the graphs. Describe the domain and range of f 


SOLUTION a = = al aE | 
= 


Step 1 Make a table of values. 
| fod | -4 | -2 | 


Step 2 Plot the ordered pairs. 


Step 3 Draw a smooth curve through the points. 


p> The parent function is g(x) = QE The graph of fis a reflection in the x-axis 
of the graph of g. The y-intercept of the graph of f, — 1, is below the y-intercept 
of the graph of g, 1. The x-axis is an asymptote of both the graphs of f and g. 
From the graph of f, you can see that the domain is all real numbers and the 
range is y < 0. 
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Graph the function. Compare the graph to the graph of the parent function. 
Identify the y-intercepts and asymiptotes of the graphs. Describe the domain 
and range of f. 


5. fix) = —2(4° Gute) =n 
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English Language Learners 


Pair Activity 
Pair each English learner with an English speaker. Ask one student to make the table of values 
and the other student to plot the ordered pairs and draw a smooth curve through the points. Have 
the students work together to compare the graph to the graph of the parent function, identify the 
y-intercepts and asymptotes, and describe the domain and range. 


Extra Example 3 

Graph f(x) = 5(2)*. Compare the graph to 
the graph of the parent function. Identify 
the y-intercepts and asymptotes of the 
graphs. Describe the domain and range 
of f. 


The parent function is g(x) = 2*. The graph 
of fis a vertical stretch by a factor of 5 of 
the graph of g. The y-intercept of the graph 
of f, 5, is above the y-intercept of the graph 
of g, 1. The x-axis is an asymptote of both 
graphs. The domain of fis all real numbers 
and the range is y > 0. 


Extra Example 4 

Graph f(x) = —(0.25)*. Compare the 
graph to the graph of the parent function. 
Identify the y-intercepts and asymptotes 
of the graphs. Describe the domain and 
range of f. 


The parent function is g(x) = (0.25)*. 

The graph of fis a reflection in the x-axis 
of the graph of g. The y-intercept of the 
graph of f, —1, is below the y-intercept 

of the graph of g, 1. The x-axis is an 
asymptote of both graphs. The domain of 
fis all real numbers and the range is y < 0. 


MONITORING PROGRESS 
ANSWERS 
5-6. See Additional Answers. 
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Extra Example 5 

Graph y = 3(2)*—! — 3. Identify the 
asymptote. Describe the domain and 
range. 


y = 32)" i ee 
The graph has an asymptote at y = —3. 


The domain is all real numbers and the 
range is y > —3. 


Extra Example 6 
The graph represents a bacterial 
population y after x days. 


Bacterial Population 


Population 


a. Write an exponential function that 
represents the population. Identify and 
interpret the y-intercept. y = 3(3)% 
The y-intercept of 3 means that the 
initial bacterial population is 3. 


b. Describe the domain and range of the 
function. The domain is x => 0 and the 
range is y > 3. 

c. Find the population after 6 days. 
2187 bacteria 


MONITORING PROGRESS 


eo ee ie ne 
. a 2 

i a 
EERE 
See = 4 ee 
A =" =. Es { en =. swah 4 
ots siweres 
poate t ee oa \ as 
is i 
Fe aaa 
Eee oles 
fesede tad aplll 
Se2eerei as 
a 


asymptote: y = —1; domain: all real 
numbers, range: y < ~—1 


294 Chapter 6 


Ay. 


y= 42-342 


Bacterial Population 
= 
2 
o 
cs 
Qa 
(2) 
a 
iE = = 
294 Chapter 6 


ease Leake 
i 
ba 


apple | 


Se! 
i 


| 
| 
ae 


t- 


eee ee 
} 


ieee 


Jiro oh 2a). = eames 


tee 
t 


To graph a function of the form y = ab*—" + k, begin by graphing y = ab*. Then 
translate the graph horizontally # units and vertically k units. 


SANVidNaM Graphing y = ab*~" + k 


Graph y = 4(2)*~3 + 2. Identify the asymptote. Describe the domain and range. 


SOLUTION 


Step 1 Graph y = 4(2). This is the same function that is in Example 3, which 
passes through (0, 4) and (1, 8). 


Step 2 Translate the graph 3 units right and 2 units up. The graph passes through 
(3, 6) and (4, 10). 


Notice that the graph approaches the line y = 2 but does not intersect it. 


> So, the graph has an asymptote at y = 2. From the graph, you can see that the 
domain is all real numbers and the range is y > 2. 


. 
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Graph the function. Identify the asymptote. Describe the domain and range. 


7. y = 2342] B. f(x) = (0.25 +3 


Solving Real-Life Problems 


For an exponential function of the form y = ab’, the y-values change by a factor of b 
as x increases by 1, You can use this fact to write an exponential function when you 
know the y-intercept, a. 


S70 =Modeling with Mathematics 


The graph represents a bacterial population y after x days. 


a. Write an exponential function that represents the population. Identify and interpret 


the y-intercept. 


~ b. Describe the domain and range of the function. 


| c. Find the population after 5 days. 


SOLUTION + 4 20 
a. Use the graph to make a table of values. T a a 
The y-intercept is 3. The y-values increase oa ! 2 | 3 ‘ 
by a factor of 5 as x increases by 1. ly a 15 75 \ 375 Vises 
= 4) 
P So, the population can be modeled Se ee a 5 


by y = 3(5)’. The y-intercept of 3 means 
that the initial bacterial population is 3, 


b. From the graph, you can see that the domain is x 2 0 and the range is y 2 3. 
Note that x 2 0 because the number of days cannot be negative. 


ec. Substitute 5 for x in the function y = 3(5)*. 


p> After 5 days, there are y = 3(5)5 = 3(3125) = 9375 bacteria. 


Exponential Functions and Sequences 


asymptote: y = 3; domain: all real 
numbers, range: y > 3 


You learned to use the linear regression feature of a graphing calculator to find an 
equation of the line of best fit in Section 4.6. Similarly, you can use exponential Extra Example 7 


regression to find an exponential function that fits a data set. The table shows the fish population ina 


“EXAMPLE 7 Writing an Exponential Function Using Technology lake after t years. 


r Ti * 2 ae The table shows the time x (in minutes) since a cup of hot coffee was poured and the Population, y 
IMenx SU PEVEUS, y temperature y (in degrees Fahrenheit) of the coffee. (a) Use a graphing calculator 31 
0 175 (o find an exponential function that fits the data. Then plot the data and graph the 
1 156 function in the same viewing window. (b) Predict the temperature of the coffee 50 
| 10 minutes after it is poured. 
2 142 80 
3 127 SOLUTION 130 
4 113 a. Step 1 Enter the data from the table into two lists. 
5 101 | 200 J 
6 94 f 2 
a. Use a graphing calculator to find an 
y 84 : ; : 
; | - exponential function that fits the data. 


Then plot the data and graph the 
function. y = 31.2(1.6)* 


Step2 Use the exponential regression feature. The values in the equation can be 400 
rounded to obtain y = 174(0.9). 


y=axb*x 

a=173.9522643 

b=.9003179174 

r2= 9987302754 0 8 
r=~,9993564936 ) 


b. Predict the fish population after 
5 years. about 327 fish 


Step 3 Enter the equation y = 174(0.9)* into the calculator. Then plot the data and 
graph the equation in the same viewing window. 


200 | MONITORING PROGRESS 


ANSWERS 
9. a. y = 100(2)*; y = 100; The initial 
bacterial population is 100. 
b. 6400 cells 


c. no; This population doubles 
each day, but the population in 


410 


b. After 10 minutes, the temperature of the coffee will be about 


y = 174(0.9)!© = 60.7 degrees Fahrenheit. Example 6 increases by a factor 
of 5 each day. 
Monitoring Progress i) Help in Engtish and Spanish at BigideasMath.com 10. a. r= —0.999; The relationship 


: ‘ . between the time and the 
9. A bacterial population y after x days can be represented by an exponential : 
function whose graph passes through (0, 100) and (1, 200). (a) Write a function temperature has a sNoue, negative 
that represents the population. Identify and interpret the y-intercept. (b) Find the correlation and the equation 
population after 6 days. (c) Does this bacterial population grow faster than the closely models the data. 
bacterial population in Example 6? Explain. b. 35.8°F 


10. In Example 7, (a) identify and interpret the correlation coefficient and (b) predict 
the temperature of the coffee 15 minutes after it is poured. 
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¢ Point of Most Significance: Ask students to identify, aloud or on a paper to be collected, the 
most significant point (or part) in the lesson that aided their learning. 
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_ Assignment Guide and 


_ Homework Check 


ASSIGNMENT 


Basic: 1-4, 5-35 odd, 41-47 odd, 50, 
54, 60-63 


Average: 1—4, 6—50 even, 53, 54, 58, 
60-63 


Advanced: 1—4, 10-14 even, 
20-28 even, 36-50 even, 51-63 


HOMEWORK CHECK 

Basic: 11, 15, 25, 31, 41 
Average: 12, 16, 26, 32, 42 
Advanced: 14, 20, 28, 36, 42 


ANSWERS 


1. Sample answer: 


2. The y-intercept is the point where 
x = 0. At the y-intercept 
ySedP=a4ol=a 

3. The graph of y = 2(5)*is a vertical 
stretch by a factor of 2 of the graph of 
y = 5*. The y-intercept of y = 2(5), 
2, is above the y-intercept of 
y= a, Il. 

4. f(x) = (—3)%; It is the only one that is 

not an exponential function. 

yes; It fits the pattern y = ab’. 

no; It is a linear function. 

no; The exponent is a constant. 

yes: It fits the pattern y = ab*. 

no; Although it fits the pattern 

y = ab’, b cannot be negative. 

10. no; Although it fits the pattern 

y = ab*, b cannot be 1. 


So 2 Sl GA el 


11. linear; As x increases by 1, 
y increases by 2. The rate of change 
is constant. 

12. exponential; As x increases by 1, y is 
multiplied by 2. 

13. exponential; As x increases by 1, y is 
multiplied by 4. 

14. linear, As x increases by 3, y 
decreases by 9. The rate of change is 
constant. 
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6.3 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigldeasMath.com 


. OPEN-ENDED Sketch an increasing exponential function whose graph has a y-intercept of 2. 


REASONING Why is a the y-intercept of the graph of the function y = ab*? 


. WRITING Compare the graph of y = 2(5) with the graph of y = 5*. 


. WHICH ONE DOESN'T BELONG? Which equation does not belong with the other three? Explain 


your reasoning. 


enw 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-10, determine whether the equation 
represents an exponential function. Explain. 


5. y=47¥ 63 = 0% 
i p= ae 8. y= —3* 
9. y= 9-5) 10. y=3(1) 


In Exercises II-I4, determine whether the table 
represents a linear or an exponential function. Explain. 
(See Example 1.) 


11. 2 
ee 
2 ie 
ee 
4 | 48 
pee Ls 7 hg 
y |025/] 1 4 | 16 | 64 
is ei -3[o0[3 | 6 9 | 
mio | i | —s |-17|—26| 


In Exercises 15-20, evaluate the function for the given 
value of x. (See Example 2.) 


15. y=3%x=2 16. f(x) = 302) x= -1 


7, y= 46/75 x =2 18. f(x) = 0.5%;x = —3 


19. fx) = 3(6¥5 x =3 20) = +45 = 2 


USING STRUCTURE In Exercises 21-24, match the 
function with its graph. 
21. f(x) = 20.5 22.7 — 2 (0255 
23. y= 2(2)* 24. f(x) = —-2Q2) 


A. Py hv gy B. 


In Exercises 25-30, graph the function. Compare the 
graph to the graph of the parent function. Identify the 
y-intercepts and asymptotes of the graphs. Describe 
the domain and range of f. (See Examples 3 and 4.) 


Py, jhe) = AES PAde hep) = ae 


27. fe) = -2(7 28. fx) = 6(5)* 


29. f= 3 (8) 30. f(x) = $0.25) 
In Exercises 31-36, graph the function. Identify 
the asymptote. Describe the domain and range. 
(See Example 5.) 


31. f@) =3*-1 32. faye 
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sy, 8 The graph of fis a vertical 

16. 3 stretch by a factor of 3 of 

17. —100 the graph of g@) = 0.5%. 
The y-intercept of the 

Lap graph of f, 3, is above 

19. 72 the y-intercept of the 

20. 2 graph of g, 1. The x-axis 

74 Ee is an asymptote of both 

22. B the graphs of fand g; 

3. A domain: all real numbers, 

AD range: y>0 


26-32. See Additional Answers. 


Soe 2 7 By ee ea 
35. y= ~8(0.75' +2—2 36. fix) = 36! — 5 


In Exercises 37-40, compare the graphs. Find the value 
of h, k, or a. 


37. i g(x) = a(2)*} 38. (gi) = 0.25% +k 
ly aN a0 ii) 


flx) = 0.25%) 


——— 


ee Pees 


glx) = 3 (6) ~* 
a 
41. MODELING WITH MATHEMATICS The graph 


represents the amount of area visible y on an online 
map after you zoom out x times. (See Example 6.) 


a. Write an exponential 


function that represents 
the area. Identify and 
interpret the y-intercept. 


Online Map 
vi 
7500 
| b. Describe the domain 


and range of the 
function. 


Area visible 
(square miles) 


o 2 4 6x} ¢. Find the area visible 
Zoom outs after you zoom out 


10 times. 


42. MODELING WITH MATHEMATICS The graph 
represents the value y of a boat after x years. 


a. Write an exponential 
function that 
represents the value. 
Identify and interpret 
the y-intercept. 


Value of a Boat 


b. Describe the domain 
and range of the 
function. 


Value (thousands 
of dollars) 


' ¢. Find the value of the 
boat after 8 years. 


40. The graph of g is a horizontal translation 
2 units left of the graph of fh = —2 
41. a. y = 20(4¥; y = 20; The initial area 
visible is 20 square miles. 


b. domain: all whole numbers, range: 
y 2 20 


c. 20,971,520 mi? 


42. a. y = 30(0.8); y = 30; The initial value 
of the boat is $30,000. 


b. domain: x 2 0, range: y < 30 
c. about $5000 


43. ERROR ANALYSIS Describe and correct the error in 
evaluating the function. 


x g(x) = 6(0.5)*; x= —2 
9(—2) = 6(0.5)-? 
= 3-2 
= 1 


9 


44. ERROR ANALYSIS Describe and correct the error in 
finding the domain and range of the function, 


x 


The domain is all 
real numbers, and 
the rangeisy < O. 


{casi 
gx) = —(0.5)* 1 


| 


45. MODELING WITH MATHEMATICS The table shows 
the number y of views an online video receives after 
being online for x days. (See Example 7.) 


7 (BBE ae 
Views, y | 12 | 68 613 } 3996 } 27,810 | 205,017 


a 


a. Use a graphing calculator to find an exponential 
function that fits the data. Then plot the data and 
graph the function in the same viewing window, 


b. Predict the number of views the video receives 


after being online for 7 days. 


46. MODELING WITH MATHEMATICS The table shows the 
coyote population y in a national park after ¢ decades. 


O41 i 


Ht 


| pavaues t | 
Population, y | WS) | 26 


2 
4i 


a. Use a graphing calculator to find an exponential 
function that fits the data. Then plot the data and 
graph the function in the same viewing window. 


b. Predict the coyote population after 60 years. 
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43. need to simplify the power before 
multiplying; 6(0.5)~2 = 6(4) = 24 

44. The graph approaches the line y = —1, not 
y = 0; The range is y< —]), 

45-46. See Additional Answers. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
eee oe 


J 


asymptote: y = 7; domain: all real 
numbers, range: y > 7 


asymptote: y = —3; domain: all real 
numbers, range: y < —3 


3B 
= -8(0.75)"*? - 2 
asymptote: y = —2; domain: all real 
numbers, range: y < —2 
36. 


St iro = 36)" 
asymptote: y = —5; domain: all real 
numbers, range: y > —5 

37. The graph of g is a vertical shrink by 


a factor of : of the graph of ff @ = 5 


38. The graph of g is a vertical translation 
3 units up of the graph of fi k = 3 

39. The graph of g is a horizontal 
translation 4 units right of the graph 
of hh=4 
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ANSWERS 
Cape = Oy 

b. about 304 visitors 
48. about 4681 grills; y = 3300(1.06) 
49. — 


eS 


ye 


The y-intercept of g is 3 units below 
the y-intercept of f The domain of 
both functions is all real numbers. 
The range of g is y < —3 and the 
range of fis y <0. 

50. no; The values of x are not increasing 
by a constant amount. 


51-63. See Additional Answers. 


Mini-Assessment 


1. Does the table represent a /inear or 
an exponential function? Explain. 


The function is exponential. As x 
increases by 1, y is multiplied by 3. 

2. Evaluate the function y = 5(3) for 
x=2. 45 

3. Graph f(x) = 2.5(2)*. Compare the 
graph to the graph of the parent 
function. Identify the y-intercepts 
and asymptotes of the graphs. 
Describe the domain and range of f. 


4 


[foo = 2.5(2)*} 
Pian 


The graph of fis a vertical stretch 
by a factor of 2.5 of the graph of g; 
y-intercept of the graph of f: 2.5, 
y-intercept of the graph of g: 1; 
asymptote: x-axis; domain: all real 
numbers, range: y > 0. 
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47. 


48. 


49. 


50. 


51. 


52. 


38 


Write the percent as a decimal. 
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60. 4% 61. 


MODELING WITH MATHEMATICS The graph 
represents the number y of visitors to a new art 
gallery after x months. 


Art Gallery 


Visitors 


a. Write an exponential function that represents 
this situation. 


b. Approximate the number of visitors after 5 months. 


PROBLEM SOLVING A sales report shows that 

3300 gas grills were purchased from a chain of 
hardware stores last year. The store expects grill sales 
to increase 6% each year. About how many grills does 
the store expect to sell in Year 6? Use an equation to 
justify your answer. 


WRITING Graph the function f(x) = —2*. Then graph 
g(x) = —2* — 3. How are the y-intercept, domain, and 
range affected by the translation? 


MAKING AN ARGUMENT Your friend says that the 
table represents an exponential function because y 
is multiplied by a constant factor. Is your friend 
correct? Explain. 


WRITING Describe the effect of a on the graph of 
y = a » 2* when ais positive and when a is negative. 


OPEN-ENDED Write a function whose graph is a 
horizontal translation of the graph of hyx) = 4°. 


USING STRUCTURE The graph of g is a translation 


4 units up and 3 units right of the graph of f(x) = 5°. 
Write an equation for g. 


35% 


Chapter 6 


If students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


54. 


55. 


56. 


57. 


58. 


59. 


(Skills Review Handbook) 
62. 


Exponential Functions and Sequences 


If students got it... 


Resources by Chapter 


128% 


HOW DO YOU SEE !T? The exponential function 

y = V(x) represents the projected value of a stock 
x weeks after a corporation loses animportant legal 
battle. The graph of the function is shown. { 


es 
Stock 
e 
8 
To) 
& 
% 
aS] j 
a 
= [ 
o 
i 
oe 
OMM—2Ns aus Tom Estor 
Week 


a. After how many weeks will the stock be i 
worth $20? ‘ 


b. Describe the change in the stock price from 
Weck 1 to Week 3. 


apenas _——— 


i 
el 


USING GRAPHS The graph 
represents the exponential 
function f. Find f(7). 


THOUGHT PROVOKING Write a function of the form 
y = ab* that represents a real-life population. Explain 
the meaning of each of the constants a@andb inthe! 
real-life context. ; 


REASONING Let f(x) = ab*. Show that when x is 
increased by a constant k, the quotient is 
Xx, 


always the same regardless of the value of x. 


PROBLEM SOLVING A function g models a 
relationship in which the dependent variable is 
multiplied by 4 for every 2 units the independent 
variable increases. The value of the function at 0 is 5. 
Write an equation that represents the function. 


PROBLEM SOLVING Write an exponential function f 
so that the slope from the point (0, f(0)) to the point 
(2, f(2)) 1s equal to 12. 


Mainta ining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


63. 250% 


e Enrichment and Extension 
e Cumulative Review 


Student Journal 
¢ Practice 


Differentiating the Lesson 
Skills Review Handbook 


+ 


Start the next Section 


Exponential Growth and Decay 


Essential Question What are some of the characteristics of 


TEXAS ESSENTIAL exponential growth and exponential decay functions? 
KNOWLEDGE AND SKILLS 


A9.B 
ASC LP AGBOLY-NEO)\ i Predicting a Future Event 
A.D 


Work with a partner. It is estimated, that in 1782, there were about 100,000 nesting 
pairs of bald eagles in the United States. By te 1960s, this number had dropped to 
about 500 nesting pairs. In 1967, the bald eagle was declared an endangered species 
in the United States. With protection, the nesting pair population began to increase. 
Finally, in 2007, the bald eagle was removed from the list of endangered and 
threatened species. 


Describe the pattern shown in the graph. Is it exponential growth? Assume the 
pattern continues. When will the population return to that of the late 1700s? 
Explain your reasoning. 


APPLYING 
MATHEMATICS 


To be proficient in math, Bald Eagle Nesting Pairs in Lower 48 States 
you need to apply the y : : 
mathematics you know to Y 9789 
solve problems arising in me oes re 
everyday life. D 
8000 ; 
6846 
(= 6000 5094 
Oo ' @ 
5 4000 3399 
2a - , e 
E 2000 | -7 7128 are 
re _® = 
ot 
1978 1982 1986 1990 1994 1998 2002 2006 x 
Year 


Sue YN Describing a Decay Pattern 


Work with a partner. A forensic pathologist was called to estimate the time of death 
of a person. At midnight, the body temperature was 80.5°F and the room temperature 
was a constant 60°F. One hour later, the body temperature was 78.5°F. 


a. By what percent did the difference between the body temperature and the room 
temperature drop during the hour? 


b. Assume that the original body temperature was 98.6°F. Use the percent decrease 
found in part (a) to make a table showing the decreases in body temperature. Use 
the table to estimate the time of death. 


Communicate Your Answer 


3. What are some of the characteristics of exponential growth and exponential 
decay functions? 


4. Use the Internet or some other reference to find an example of each type of 
function. Your examples should be different than those given in Explorations | 
and 2. 


a. exponential growth b. exponential decay 
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; SUPPORTING English Language Learners 


As students work in pairs, circulate through the classroom and listen to them read aloud portions of 
the explorations. Ask them to employ the following reading strategies. 


Beginning/Advanced Beginning students read the headings, graph, and single sentences while 
asking Advanced students to clarify things that they don’t understand. Advanced students read 
longer paragraphs and request clarification from teachers or classroom aides as needed. 
Intermediate/Advanced High Advanced High students read the problem setups for the 
explorations, and request clarification from teachers or classroom aides as needed. Intermediate 
students read questions and information from the graph and ask Advanced High students to clarify 
things that they don’t understand. 


ELPS 4.F.7 Use support from peers and teachers to enhance and confirm understanding. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations. 


Texas Essential 

Knowledge and Skills 
A.9.B The student is expected to interpret 
the meaning of the values of a and b in 


exponential functions of the form 
f(x) = ab* in real-world problems. 


A.9.C The student is expected to write 
exponential functions in the form f(x) = ab* 
(where b is a rational number) to describe 
problems arising from mathematical and 
real-world situations, including growth 

and decay. 


A.9.D The student is expected to graph 
exponential functions that model growth 
and decay and identify key features, 
including y-intercept and asymptote, in 


mathematical and real-world problems. 
t 


ANSWERS 

1. Asx increases by 5, y is multiplied 
by about 1.5; yes; 2036; The function 
can be approximately modeled by 
y = 1188(1.5)*, where x represents 
the number of 5-year intervals since 
1981. Setting y equal to 100,000 and 
solving for x gives 11 intervals, or 
55 years. 


2. a. 2/20.5 ~ 9.8% 


b. See Additional Answers. 

3. As the independent variable changes 
by a constant amount, the dependent 
variable is multiplied by a constant 
factor. 

4. a. Sample answer: the value of a 
CD each year that earns 2.5% 
interest compounded annually 

b. Sample answer: the worth of a 
farm tractor that depreciates at a 
rate of 10% per year 


For a section overview and insights 
into this Exploration page, see 
Laurie’s Notes at BigideasMath.com. 
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Extra Example 1 

The inaugural attendance of an annual 
art festival is 80,000. The attendance y 
increases by 6% each year. 


a. Write an exponential growth function 
that represents the attendance after 
t years. The festival attendance can 
be represented by y = 80,000(1.06)¢. 


b. How many people will attend the 
festival in the fifth year? Round your 
answer to the nearest thousand. 
About 107,000 people will attend the 
festival in the fifth year. 


MONITORING PROGRESS 


ANSWER 
1. a. y = 500,000(1.15) 


b. about 1,160,000 
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6.4 Lesson 


Core Vocabulary. 


exponential growth, p. 300 

exponential growth function, 
p. 300 

exponential decay, p. 307 

exponential decay function, 
p. 301 

compound interest, p, 303 


STUDY TIP 


Notice that an exponential 
growth function is of the 
form y = ab*, where 

bis replaced by 1 + r 

and x is replaced by t. 


What You Will Learn 


p> Use and identify exponential growth and decay functions. 
Pm Interpret and rewrite exponential growth and decay functions. 
Solve real-life problems involving exponential growth and decay. 


Exponential Growth and Decay Functions 


nential grow 


Ei 


xponential growth occurs when a quantity increases by the same factor over equal 
intervals of time, 


G Core Concept 


Exponential Growth Functions 
A function of the form y = a(i + rn)‘, where a > 0 and r > 0, is an exponential 


TO" ru on. 
(initial amount \ 


~ ov onan - a! 
Coot 


NV ae Using an Exponential Growth Function 


The inaugural attendance of an annual music festival is 150,000, The attendance y 
increases by 8% each year. 


a. Write an exponential growth function that represents the attendance after ¢ years. 


b. How many people will attend the festival in the fifth year? Round your answer to 
the nearest thousand. 


SOLUTION 


a. The initial amount is 150,000, and the rate of growth is 8%, or 0.08. 


y=a(l +r) Write the exponential growth function. 
= 150,000C1 + 0.08) Substitute 150,000 for a and 0.08 for r. 
= 150,000(1.08)! Add. 


> The festival attendance can be represented by y = 150,000(1.08). 


b. The value ¢ = 4 represents the fifth year because t = 0 represents the first year. 
y = 150,000(1.08) 

= 150,000(1.08)* 

=~ 204,073 Use a calculator. 


Write the exponential growth function. 
Substitute 4 for ¢. 


P About 204,000 people will attend the festival in the fifth year. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


1. A website has 500,000 members in 2010, The number y of members increases 
by 15% each year, (a) Write an exponential growth function that represents the 
website membership f years after 2010. (b) How many members will there be in 
2016? Round your answer to the nearest ten thousand, 
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Notebook Development 
Have students create an exponential function page in their notebooks. Include the definition of 

exponential function from Section 6.3 along with the definitions of exponential growth and decay 
functions from this section. Have students include an example with each definition. 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


English Language Learners _ = > 


Exponential deeay occurs when a quantity decreases by the same factor over equal 
intervals of time. 


G Core Concept 


Exponential Decay Functions 


A function of the form y = a(1 — vr), wherea > OandO <r< 1, is an 
xponential decay function. da. 


rate of decay (in decimal form) | 


Ly 


a — 
final amount |» y =a(1 —r)y'< {time } 


For exponential growth, the value inside the parentheses is greater than 1 because r 
is added to 1. For exponential decay, the value inside the parentheses is less than 1 
because r is subtracted from 1. 


EXAMPLE 2 Identifying Exponential Growth and Decay 


Determine whether each table represents an exponential growth function, 
an exponential decay function, or neither. 


Extra Example 2 
Determine whether each table represents 
an exponential growth function, an 


STUDY TIP exponential decay function, or neither. 
Notice that an exponential 
decay function is of the 
form y = ab*, where 
b is replaced by 1 — r 
and x is replaced by t. 


The table represents an exponential 
decay function, because as x increases 


by 1, y is multiplied by : 


> - rae 
y | 4 | 40 {| 400 | 4000 | 


b. 
ce a a 
| = | | a The table represents an exponential 
Ly | 5 | 1 | 2 | 40 | 
- growth function, because as x 
increases by 1, y is multiplied by 10. 
MONITORING PROGRESS 
ANSWERS 
. * b. ia eee Pee exponential Haare Watson by 
ye | (ENN 1, y is multiplied by =. 
q 0 | 270 il [x] g z 2 3. neither, As x increases by 2, 
ae | »*3 i 
ae Ly | ge | ea y increases by 7. 
+1(}-—}-—] ) x} ST 
z 30 ‘ SD 
A Se See 
¢ 3 | 10 D 
2 ea 


P Asx increases by 1, y is 
multiplied by 4. So, the table 
represents an exponential 
decay function. 


As x increases by 1, y is 
multiplied by 2. So, the table 
represents an exponential 
growth function. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Determine whether the table represents an exponential growth function, an 
exponential decay function, or neither. Explain. 


Pe oli ials 


| y | 64 16 4 1 


Section 6.4 


Exponential Growth and Decay 


301 


Section 6.4 


301 


Extra Example 3 

Determine whether each function 
represents exponential growth or 
exponential decay. Identify the initial 
amount and interpret the growth factor 


Interpreting and Rewriting Exponential Functions 


ENV ieaem Interpreting Exponential Functions 


Determine whether each function represents exponential growth or exponential decay. 
Identify the initial amount and interpret the growth factor or decay factor. 


a. The function y = 0.5(1.07) represents the value y (in dollars) of a baseball card 


or decay factor t years after it is issued. 


b. The function y = 128(0.5)* represents the number y of players left in a video game 


a. The function y = 4(1.09)' represents eer ire oe cnnds. 
the value y (in dollars) of a comic book 
t years after it is issued. The function SOLUTION 
represents exponential growth. The STUDY TIP a. The function is of the form y =a(l + ry, where 1 + r > 1, so it represents 
ft ; exponential growth. The initial amount is $0.50, and the growth factor of 1.07 
initial amount is $4, and the growth You can rewrite means that the value of the baseball card increases by 7% each year. 
factor of 1.09 means that the value pli ee b. The function is of the form y = a(1 — r)', where 1 — r < 1, so at represents 
of the comic book increases by oo ee CE : exponential decay. The initial amount is 128 players, and the decay factor of 0.5 
9% each year eat Rice es means that 50% of the players are left after each round. 
: i 
} an exponential function 
b. The function y = 24(0.50)* represents ea eucell SER: — : ; c 
: ; : ENVIR §=Rewriting Exponential Functions 
the number y of teams left in a attributes of the function. 


Rewrite each function in the form f(x) = ab* to determine whether it represents 
exponential growth or exponential decay. 


baseball tournament after x rounds. 
The function represents exponential 


decay. The initial amount is 24 teams, SS WON a) 

and the decay factor of 0.5 means that SOLUTION 

50% of the teams are left after each a. f(x) = 100(0.96)4 Write the function. 

round. = 100(0.96!4)* Power of a Power Property 

= 100(0.99}* Evaluate the power. 

Extra Example 4 > So, the function represents exponential decay. 
Rewrite each function in the form 
f(x) = ab* to determine whether it Pei Ey = caste 
represents exponential growth or = ao Quotient of Powers Property 


exponential decay. = 0.75(1.1) Evaluate the power and simplify. 

a. f(x) = 20(0.81)*/2 f(x) = 20(0.9)*; The > So, the function represents exponential growth. 
function represents exponential decay. 

b. F(x) = (2.5) —2 F(x) = 0.16(2.5)*; Monitoring Progress @) Help in English and Spanish at BigideasMath.com 
The function represents exponential 4. The function y = 10(1.12)" represents the average game attendance y 
growth. (in thousands of people) of a professional baseball team in its nth season. 


Determine whether the function represents exponential growth or exponential 
decay. Identify the initia] amount and interpret the growth factor or decay factor. 


MONITORING PROGRESS Rewrite the function in the form f(x) = ab* to determine whether it represents 
AN SWERS exponential growth or exponential decay. 
4. exponential growth; 10,000 people; 5. f(x) = 3(1.02)! 6. f(x) = (0.95)* +2 


The attendance increases by 12% 
each season. 


5. f(x) = 3(1.22); exponential growth 
6. f(x) = 0.9(0.95); exponential decay 
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Solving Real-Life Problems 


Exponential growth functions are used in real-life situations involving compound Extra Example 5 : 
interest. Although intercst earned is expressed as an annual rate, the interest is usually You deposit $300 ina Savings account that 
compounded more frequently than once per year. So, the formula y = a(1 + r)' must earns 3% annual interest compounded 


be modified for compound interest problems. , ‘ 
monthly. Write a function that represents 


© Core Concept the balance after t years. y = 300(1.0025)!2 


Compound Interest 


lerest is the interest earnedson the principal and on previously 


STUDY TIP 


For interest compounded 


Extra Example 6 


early, you can substitute Eained interest. The balance y of an account earning compound interest is The table shows the balance ofa mone 
yearly, y gs p 
1 for aly the iota to P = principal (initial amount) market account over time. 
ee amet y= P(l + ah r = annual interest rate (in decimal form) 
n t = time (in years) Balance | 


n = number of times interest is compounded per year 


EXAMPLE by )§=Writing a Function 


You deposit $100 in a savings account that earns 6% annual interest compounded 
monthly. Write a function that represents the balance after t years. 


1 $312 


2 — $324.48 


$337.46 


SOLUTION $350.96 
i . . 5 a | 
= P( ae “) Write the compound interest formula. 
= i0o(1 or ca" Substitute 100 for P, 0.06 for r, and 12 for n. a. Write a function that represents the 
balance after t years. y = 300(1.04)! 
= 100(1.005)!2" Simplify. 
Es b. Graph the functions from part (a) 
: PON emo § Solving a Real-Life Problem and from Extra Example 5 in the 
The table shows the balance of a money market account over time. same coordinate plane. Compare the 
a. Write a function that represents the balance after ¢ years. | Year, t | Balance | account balances. 
b. Graph the functions from part (a) and from Example 5 in 0 $100 | E Saving Money i) 
the same coordinate plane. Compare the account balances. i | $110 = 
2D | lz y. 
SOLUTION z $133.10 = 300(1.04)* wk 
4 | $146.41 oe \z 
Saving Money a. From the table, you know the initial balance is $100, and : FS 
= it increases 10% each year. So, P = 100 and r = 0.1. S $161.05 | Ss 300 
S —— 
y= P(1 +r) Write the compound interest formula when n = 1. i y = 300(1.0025) 12% 
e Fh 2100) |Psecenresprar ens 
& = 100(1 + 0.1) Substitute 100 for P and 0.1 for r. 6 
3 © 
3 = 100(1.1)' Add. = 100 
ov 
= | b. The money market account earns 10% interest each year, and the savings account 
S y 6 ) 
s earns 6% interest each year. So, the balance of the money market account increases 0 2 4 6 t 


faster. Year 
Monitoring Progress a) Help in English and Spanish at BigideasMath.com The money market account earns 
7. You deposit $500 in a savings account that earns 9% annual interest compounded 4% interest each year, and the savings 
monthly. Write and graph a function that represents the balance y (in dollars) after account earns 3% interest each year. 
t years. 


So, the balance of the money market 
Section 6.4 Exponential Growth and Decay 303 account increases faster. 


MONITORING PROGRESS 


ANSWER 
7. y = 500(1.0075)!" 


Savings Account 


+4y= 500(1 0075)'**), 


Balance (dollars) 


3} YG TEN te 
Year 
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Extra Example 7 “EXAMPLE 7 Solving a Real-Life Problem 
The value of a car is $15,000. It loses 10% 
of its value every year. 


The value of a car is $21,500. It loses 12% of its value every year. (a) Write a function 
that represents the value y (in dollars) of the car after ¢ years. (b) Find the approximate 
monthly percent decrease in value. (c) Graph the function from part (a). Identify and 
interpret any asymptotes of the graph. (d) Estimate the value of the car after 6 years. 


SOLUTION 


fe years. Y = 15,000(0.9)¢ 1. Understand the Problem You know the value of the car and its annual percent 
; 2 decrease in value. You are asked to write a function that represents the value of the 
b. Find the approximate monthly percent car over time and approximate the monthly percent decrease in value. Then graph 
decrease in value. about 1% the function and use the graph to estimate the value of the car in the future. 


——_—_—__[> 2. Make a Plan Use the initial amount and the annual percent decrease in value to 


STUDY TIP write an exponential decay function. Rewrite the function using the properties of 
exponents to approximate the monthly percent decrease (rate of decay). Then graph 
the original function and use the graph to estimate the y-value when the f-value is 6. 


a. Write a function that represents the 
value y (in dollars) of the car after 


c. Graph the function from part (a). 


In real life, the percent 


decrease in value of 
an asset is called the 3. Solve the Problem 


Value of a Car 


ore : depreciation rate. a. The initial value is $21,500, and the rate of decay is 12%, or 0.12. 
a a 15,000(0.9)¢ | a ; ; ; 
& 15,000 ae a = al — 7) Write the exponential decay function. 
& : = AUG) = Way Substitute 21,500 for a and 0.12 for r. 
> 10,000 
$ = 21,500(0.88Y Subtract. 
o 
> 5,000 


p> The value of the car can be represented by y = 21,500(0.88).. 


b. Use the fact that t = $121 and the properties of exponents to rewrite the 
function in a form that reveals the monthly rate of decay. 


| Year y = 21,500(0.88)' Write the original function. 
det h f th f = 21,500(0.88)012)020) Rewrite the exponent. 
. Estimate the value of the car alter : 
Value of a Car = 21,500(0.881/!2)12 Power of a Power Property 
6 years. about $8,000 ‘ 7 pieootasee ae 
ip oi GAninene = 21, E valuate the power. 
aa ey ane - Use the decay factor | — r ~ 0,989 to find the rate of decay r ~ 0.011 ‘ 
MONITORING PROGRESS : iyfalae . p> So, the monthly percent decrease is about 1.1% 
ANSWERS 2 a ae 
8 21,500(0.91)' Y 10,000 ¢. You can see that the graph approaches, but never intersects, the f-axis. 
Sy, = Al, c 3 
is > 5000 P So, the graph has an asymptote at t = 0. This makes sense because the car 
b. about 0.8% will never have a value of $0. 
0 
c. Valueoha Car d. From the graph, you can see that the y-value is about 10,000 when ¢ = 6. 
SS > So, the value of the car is about $10,000 after 6 years. 
24,000 |- eee 4. Look Back To check that the monthly percent decrease is reasonable, multiply it 
= 21,000 : eee by 12 to see if it is close in value to the annual percent decrease of 12%. 
<= ie t } 
= Hanes ; 21,500(0.91)"} i 1.1% X 12 = 13.2% 13.2% is close to 12%, so 1.1% is reasonable. 
= ine bs . . A : When you evaluate y = 21,500(0.88)' for t = 6, you get about $9985. So, $10,000 
= 9000} ! ott | is a reasonable estimation. 
i) ¢ 4 
=zaee GOO! faa 
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8. WHAT iF? The car loses 9% of its value every year. (a) Write a function that 
represents the value y (in dollars) of the car after t years. (b) Find the approximate 
monthly percent decrease in value. (c) Graph the function from part (a). Estimate 
the value of the car after 12 years. Round your answer to the nearest thousand. 


8 10 12 14 16 t 
Year 


about $7000 
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_ Closure 


e Exit Ticket: Write an exponential growth function. Sample answer: y = 100(1.06)* 
Write an exponential decay function. Sample answer: y = 250(0.8)* 
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Exercises 


6.4 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


COMPLETE THE SENTENCE In the exponential growth function y =a] + r)!, the quantity r is 


called the 


- VOCABULARY What is the decay factor in the exponential decay function y*= a(1 — rj"? 


. VOCABULARY Compare exponential growth and exponential decay. 


. WRITING When does the function y = ab* represent exponential growth? exponential decay? 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-12, identify the initial amount a and 

the rate of growth r (as a percent) of the exponential 
function. Evaluate the function when ¢ = 5. Round your 
answer to the nearest tenth. 


5. y = 350(1 + 0.75)! 6. y= 10(1 + 0.4)! 


7. y = 25(1.2) 8. y = 12(1.05)' 
9. f(t) = 1500(1.074)' 10.) = 175(1.028)' 
41. 9(f) = 6.72(2)! 12. p(t) = 1.8! 


In Exercises 13-16, write a function that represents 
the situation- 
13. Sales of $10,000 increase by 65% each year. 


14. Your starting annual salary of $35,000 increases by 
4% each year. 


15. A population of 210,000 increases by 12.5% each year. 


16. An item costs $4.50, and its price increases by 3.5% 
each year. 


17. MODELING WITH MATHEMATICS The population of 
a city has been increasing by 2% annually. The sign 
shown is from the year 2000. (See Example 1.) 


a. Write an exponential 
growth function 
that represents the 
population ¢ years 
after 2000. 


b. What will the a ea 
population be in 2020? 
Round your answer 
to the nearest thousand. 


Section 6.4 


18. MODELING WITH MATHEMATICS A young channel 
catfish weighs about 0.1 pound. During the next 


8 weeks, its weight increases by about 23% each week. 


a. Write an exponential growth function that 
represents the weight of the catfish after t weeks 
during the 8-week period. 


b. About how much will the catfish weigh after 
4 weeks? Round your answer to the nearest 
thousandth. 


In Exercises 19-26, identify the initial amount @ and 
the rate of decay r (as a percent) of the exponential 
function. Evaluate the function when ¢ = 3. Round your 
answer to the nearest tenth. 


19. y=575(1 — 0.6) 20. y = 8(1 — 0.15) 


21. g(t) = 240(0.75)! 22. f(t) = 475(0.5y! 
23. w(t) = 700(0.995)' 24. A(t) = 1250(0.865)' 
afer |()) 26. y=0.5(3)' 


In Exercises 27-30, write a function that represents the 
situation. 


27. A population of 100,000 decreases by 2% each year. 


28. A $900 sound system decreases in value by 9% 
each year. 


29. A stock valued at $100 decreases in value by 9.5% 
each year. 
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Assignment Guide and 


Homework Check 


ASSIGNMENT 


Basic: 1-4, 5-21 odd, 31-59 odd, 64, 
67, 69-75 


Average: 1—4, 6-64 even, 67, 69-75 


Advanced: 1-4, 12, 16, 18, 
24—44 even, 50-62 even, 63-75 


HOMEWORK CHECK 
Basic: 17, 33, 41, 53, 57 


Average: 16, 34, 42, 50, 58 
Advanced: 18, 34, 42, 54, 60 


ANSWERS 

1. rate of growth 

Ay, I] = ip 

3. Exponential growth occurs when 
a quantity increases by the same 
factor over equal intervals of time. 
Exponential decay occurs when a 
quantity decreases by the same factor 
over equal intervals of time. 


4. when b> 1 and x represents time; 
when 0 < b< 1 and x represents time 


a = 350, r = 75%; about 5744.6 
a= 10, r = 40%; about 53.8 
a = 25, r = 20%; about 62.2 
a= 12, r = 55%; about 15.3 
a = 1500, r = 7.4%; about 2143.4 
10. a= 175, r = 2.8%; about 200.9 
a = 6.72, r = 100%; about 215.0 
a=1,r= 80%; about 18.9 
y = 10,000(1.65) 
14. y = 35,000(1.04)' 
18. y = 210,000(1.125)' 
16. y = 4.50(1.035)' 
17. a. y = 315,000.02) 
b. about 468,000 
18. a. y = 0.1(1.23) 
b. about 0.229 lb 
= 575, r = 60%; about 36.8 
= 8, r = 15%; about 4.9 
= 240, r = 25%; about 101.3 
= 475, r = 50%; about 59.4 
= 700, r = 0.5%; about 689.6 
= 1250, r = 13.5%; about 809.0 
= 1,r= 12.5%; about 0.7 
= 0.5, r = 25%; about 0.2 
27. y = 100,000(0.98)' 
28. y = 900(0.91)' 
29. y = 100(0.905) 


nN 
Go 
S Sy is sp ee sy is) as) 


II 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library __ 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

30. y = 20,000(0.866)' 

31. The growth rate is | + 1.5, not just 
1.5; b(t) = 10(2.5)'; 
b(8) = 10(2.5)8 = 15,258.8; After 
8 hours, there are about 
15,259 bacteria in the culture. 


32. The decay rate is 1 — 0.14, 
not 1 + 0.14; 
v(t) = 25,000(0.86)° ~ 11,761; 
The value of the car in 2015 is 
about $12,000. 
33. exponential decay; As x increases by 
1, y is multiplied by 2. 
34. neither; As x increases by 1, 
y decreases by 4. 


35. neither, As x increases by 1, 
y decreases by 6. 


36. exponential growth; As x increases by 
1, y is multiplied by 3. 

37. exponential growth; As x increases by 
5, yis multiplied by 4. 

38. exponential decay; As x increases by 
2, y is multiplied by . 

39. a. exponential decay 
b. about $15,155 

40. a. exponential growth 
b. about 17,716 people 


41. exponential decay; 22,000 people; 
The population decreases by 6% each 
year. 


42. exponential growth; 13 customers; 
The number of customers increases 
by 20% each day. 


43. exponential growth; | sprint; The 
number of sprints increases by 100% 
each day. 


44. exponential decay; 900 students; The 
number of healthy students decreases 
by 15% each day. 


45. f(x) = 1.52(0.9); exponential decay 
46. f(x) = 14.8(1.4}; exponential growth 
47. f(x) = 2(1.69¥; exponential growth 
48. f(x) = 5(0.96)*; exponential decay 
49. f(x) = (1.20); exponential growth 


50. f(x) = 0.34(1.16)*; exponential 
growth 


51. f(x) = 0.67(0.55); exponential decay 
52. f(x) = (0.60); exponential decay 
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30. 


Sie 


A company profit of $20,000 decreases by 13.4% 
each year. 


ERROR ANALYSIS The growth rate of a bacterial 
culture is 150% each hour. Initially, there are 

10 bacteria. Describe and correct the error in finding 
the number of bacteria in the culture after 8 hours. 


39. 


ANALYZING RELATIONSHIPS The table shows the 
value of a camper ¢ years after it is purchased. 


iG Value 


a. Determine whether 
the table represents 


x b(t) = 10(1.5)* 
W8) = 10(1.5)® = 256.3 
After & hours, there are about 
256 bacteria in the culture. 


32. ERROR ANALYSIS You purchase a car in 2010 for 


$25,000. The value of the car decreases by 14% 
annually. Describe and correct the error in findin 
the value of the car in 2015. 


x u(t) = 25,000(1.14)* 
(4) = 25,000(1.14)8 = 48,135 


The value of the car in 2015 is 
about $48,000. 


In Exercises 33-38, determine whether the table 
represents an exponential growth function, an 
exponential decay function, or neither. Explain. 
(See Example 2.) 


3. 4. na 
— | ee? | 

50 omc 
———— — 

0 | 10 1 | 28 
oS a | 
[2 | oa | 3 | 20 

a 
35. 4 Ae. ay 

s pe __1| hain itil 

o | 38 i We 

ines Basi 

2 | 23 [3 | 153 

ee Dit 4 | 459 

27, i Sal 3. ae 

5 | 2 3 | 432 
eee Se 

10 | 8 a oP 

hat. | ec 

iBaleee 7 | 12 

20 | 128 sul 2 


an exponential | $37,000 
growth function, 2 $29,600 
an exponential decay : 

function, or neither. 3 $23,680 


b. What is the value of 4 $18,944 


the camper after 
5 years? 


40. ANALYZING RELATIONSHIPS The table shows the 
total numbers of visitors to a website f days after it 
is online. 


-. | “42 43 44 45 | 


Visitors | 11,000 | 12,100 | 13,310 14,641 | 


a. Determine whether the table represents an 
exponential growth function, an exponential decay 
function, or neither. 


b. How many people will have visited the website 
after it is online 47 days? 


In Exercises 41-44, determine whether the function 
represents exponential growth or exponential decay. 
Identify the initial amount and interpret the growth 
factor or decay factor. (See Example 3.) 


41. The function y = 22(0.94) represents the population 
y (in thousands of people) of a town after ¢ years. 


42. The function y = 13(1.2}' represents the number y of 
customers at a store x days after the store first opens. 


43. The function y = 2” represents the number y of sprints 
required n days since the start of a training routine. 


44. The function y = 900(0.85)¢ represents the 
number y of students who are healthy d days after 
a flu outbreak. 


In Exercises 45-52, rewrite the function in the 
form f(x) = ab* to determine whether it represents 
exponential growth or exponential decay. 

(See Example 4.) 


45. f(x) = (0.9)-4 46. fi) = (1448 


47. f(x) = 2(1.06)% 48. f(x) = 5(0.82)"5 
49. f(x) = (1.45)? 50. fi) = 0.4(1.16% 7! 


51. f(x) = 400.55" +3 52. f(x) = (0.88)** 
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In Exercises 53-56, write a function that represents the 


balance after ¢ years. (See Exainple 5.) 


Doe 


54. 


55. 


56. 


57. 


$2000 deposit that earns 5% annual interest 
compounded quarterly 


$1400 deposit that earns 10% annual interest 
compounded semiannually 


$6200 deposit that earns 8.4% annual interest 
compounded monthly 


$3500 deposit that earns 9,2% annual interest 
compounded quarterly 


PROBLEM SOLVING The cross-sectional area of a 
tree 4.5 feet from the ground is called its basal area. 


The table shows the basal areas (in square inches) of 


Tree A over time. (See Example 6.) 


"Year, t 0 ! | 
| Basal area, A 120 132 | 145.2 | 


58. 


Growth rate: 6% 


Initial basal 
area: 154 in.2 


a. Write functions that represent the basal areas of 
the trees after ¢ years. 


b. Graph the functions from part (a) in the same 
coordinate plane. Compare the basal areas. 


PROBLEM SOLVING You deposit $300 into an 
investment account that earns 12% annual interest 
compounded quarterly. The graph shows the balance 
of a savings account over time. 


a. Write functions Savings Account 


that represent the 
balances of the 
accounts after 

t years. 


uy 


b. Graph the functions 
from part (a) in the 
same coordinate 
plane. Compare the 
account balances. 


200 


Balance (dollars) | 


60. c. Plutonium-238 Decay 


Amount (grams) 


0 = 
0 2 4 6 8 10121416 ¢t 
Time (years) 


y = 0, The amount of plutonium—238 


approaches but never equals 0. 


Se); 


60. 


61. 


Section 6.4 


PROBLEM SOLVING A city has a population of 
25,000. The population is expected to increase by 
5.5% annually for the next decade. (See Example 7.) 


a. Write a function that 
represents the population y 
after t years. 


b. Find the approximate 
monthly percent increase 
in population. 


2s 
¢. Graph the function from 
part (a). Estimate the 
population after 4 years. 


PROBLEM SOLVING Plutonium-238 is a material 
that generates steady heat due to decay and is used 
in power systems for some spacecraft. The function 

= a(0.5)* represents the amount y of a substance 
remaining after ¢ years, where a is the initial amount 
and x is the length of the half-life (in years). 


{ 


Plutonium-238 
Half-life ~ 88 years 


a. A scientist is studying a 3-gram sample, Write 
a function that represents the amount y of 
plutonium-238 after r years. 


b. What is the yearly percent decrease of 
plutonium-238? 


¢. Graph the function from part (a), Identify and 
interpret any asymptotes of the graph. 


d. Estimate the amount remaining after 12 years. 


COMPARING FUNCTIONS The three given functions 
describe the amount y of ibuprofen (in milligrams) in 
a person’s bloodstream ¢ hours after taking the dosage. 

y = 800(0.71)' 

y = 800(0.9943)6% 

y = 800(0.843) 


a. Show that these expressions are approximately 
equivalent. 


b. Describe the information given by each of 
the functions. 
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d. about 2.7 g 


61. a. y ~ 800(0.9943) = 800(0.9943%)' = 


800(0.7097)'; 


y * 800(0.843)* = 800(0.8432)' = 


800(0.7 106)! 
b. See Additional Answers. 


ANSWERS 
53. y = 2000(1.0125)" 


54. y = 1400(1.05)2! 

55. y = 6200(1.007)!2" 

56. y = 3500(1.023)" 

57. a. A, = 120(1.1); Ag = 154(1.06) 
b. 


Tree Basal Area 


as 


Basal area (in.2) 


The basal area of Tree B is larger 
than the basal area of Tree A, but 
the difference between the basal 
areas is decreasing. 


58. a. investment account: 
y = 300(1.03)*; 
savings account: 

y = 300(1.08) 


Accounts “J 
y i. a 
800 |- = 3001 03)" 


Balance (dollars) 


veers © pe 
Year | 
Both accounts start with the same 
balance. The investment account 
balance is increasing at a faster 
rate, So it is greater than the 
savings account balance after the 
Start. 

59. a. y = 25,000(1.055)' 

b. about 0.45% 


City Population 


Population 


5 3 5 5 6 7 8 4 
Year 
about 30,971 people 
60. a. y = 3(0.5)"88 
b. about 0.8% 
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} 


62. COMBINING FUNCTIONS You deposit $9000 in 66. THOUGHT PROVOKING Describe two account options | 


ANSWE RS a savings account that earns 3.6% annual interest into which you can deposit $1000 and earn compound 
62. C(t) = 900001 .003)!2# + 480r, The compounded monthly. You also save $40 per month interest. Write a function that represents the balance 
: in a safe at home. Write a function C(f) = b(2) + A(2), of each account after ¢ years. Which account would 
total amount of money saved both in Jos ; : : : 
d where b(t) represents the balance of your savings you rather use? Explain your reasoning. 

the savings account and at home. account and A(t) represents the amount in your safe a 
63. 200%; The growth factor is 3, which pHi e  haldoes Cee 

: : 67. MAKING AN ARGUMENT A store is having a sale on 

1S ale r + I, so r, the growth rate, is 63. NUMBER SENSE During a flu epidemic, the number sweaters, On the first day, the prices of tie Gee 

2, or 200%. of sick people triples every week. What is the growth are reduced by 20%. 


64. a. D; The graph is increasing, and rate as a percent? Explain your reasoning. The prices will be 


the value from x = 0 tox = 2 
increases from 40 to 160, which 64. HOW DO YOU SEE IT? Match each situation with its 
graph. Explain your reasoning. 


reduced another 

20% each day until 

the sweaters are sold. 
Your friend says the 

a. A bacterial population doubles each hour. sweaters will be free 
on the fifth day. 


is the expected value. 
b. B; The graph is decreasing, and 


the value from x = Otox = 2 b. The value of a computer decreases by 18% : ON ALL IN-STOCK. 
decreases from 500 to about 350 SU eee SWE ATE f 
which is the expected value. c. A deposit earns 11% annual interest : Pr 
Ae Th ee i d compounded yearly. 
c. 5 Ceotal 18 increasing, an 
he Gre ae eae aa 5) d. A radioactive element decays 5.5% each year. 68. COMPARING FUNCTIONS The graphs of fand g 
_ a are shown. 
increases from 40 to about 50, A. y Rm OY 
which is the expected value. =D #08 
d. C; The graph is decreasing, and 200 200 
the value from x = Oto x = 2 
decreases from 500 to about 450, % 8 tt (Gnas (let 
which is the expected value. 
Cc My DB OY 
65-75. See Additional Answers. ay oy 
ane age \ a. Explain why fis an exponential growth function. 
| Identify the rate of growth. ' 
0 0 i 
o g ies v e tere i b. Describe the transformation from the graph of f 
Mini-Assessment to the graph of g. Determine the value of k. 
: 65. WRITING Give an example of an equation in the form c. The graph of g is the same as the graph of 
1. The inaugural attendance of an y = ab* that does not represent an exponential growth h(t) = f(t + r). Use properties of exponents to 
function or an exponential decay function. Explain find the value of r. 


annual music festival is 20,000. 
The attendance y increases by 
5% each year. 


your reasoning. 


4. Write an exponential growth Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


function that represents the 
attendance after t years. 
y = 20,000(1.05)' 


b. How many people will attend the 
festival in the fifth year? Round 
your answer to the nearest 
thousand. about 26,000 people 


Solve the equation. Check your solution. (Section /.3) 


69. 8x + 12 =4x WW, 5=—R= Wes Di 74. 6(r —2)=2r48 


Determine whether the sequence is arithmetic. If so, find the common difference. (Section 4.7) 


Ula AY 5 IN EPR EB 8 Be ONG, Mon Wane oe 
Th Sy had GS cs TiS, NNO), PAO), 210) HO 8 5 


2. Determine whether the table 
represents an exponential growth 
function, an exponential decay 
function, or neither. 
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if students need help... If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time e Cumulative Review 


an exponential growth function 


3. Rewrite the function 
f(x) = 300(0.7)*4 in the form 
f(x) = ab* to determine whether 
it represents exponential growth 
or exponential decay. 
f(x) = 300(0.91); 
exponential decay 


Student Journal 


3 Start the next Section 
e Practice 


Differentiating the Lesson 
Skills Review Handbook 
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6.1-6.4 What Did You Learn? 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Core Vocabulary Interactive Whiteboard Lesson Library 

nth root of a, p. 286 exponential growth, p. 300 Dynamic Classroom with Dynamic Investigations 
radical, p. 286 exponential growth function, p. 300 P 

index of a radical, p. 286 exponential decay, p. 30] 

exponential function, p. 292 exponential decay function, p. 30] 

asymptote, p. 293 compound interest, p. 303* ANSWERS 


1. Sample answer: Apply the distance 
formula (d = rt) to find an equation 
solved for time, and apply the laws 


Core Concepts | of exponents to simplify the powers 
Section 6.1 of 10. 

Zero Exponent, p. 278 Power of a Power Property, p. 279 2. Sample answer: Apply what you 
Negative Exponents, p. 278 Power of a Product Property, p. 280 previously established about the 
Product of Powers Property, p. 279 Power of a Quotient Property, p. 280 


sign of a radical with an odd index, 


Quotient of Powers Property, p. 279 é A ‘ 
which is the same as the sign of the 


Section 6.2 radicand. 

Real nth Roots of a, p. 286 Rational Exponents, p. 287 3. Sample answer: The first term, 

Section 6.3 b(0), is in the form of an exponential 

Graphing y = ab* When b > 1, p. 293 Graphing y = ab* When 0 < b < 1, p. 293 function, and the second term, A(2), is 
in the form of a linear function. 

Section 6.4 

Exponential Growth Functions, p. 300 Compound Interest, p. 303 


Exponential Decay Functions, p. 30] 


Mathematical Thinking 


1. How did you apply what you know to simplify the complicated situation in Exercise 56 on page 283? 
2. How can you use previously established results to construct an argument in Exercise 50 on page 290? 


3. How is the form of the function you wrote in Exercise 62 on page 308 related to the forms of other 
types of functions you have learned about in this course? 


i i Study Skills - - - ----------- 


Analyzing Your Errors 7 


¢ What Happens: You incorrectly read or do not understand directions. 


Misreading Directions 


* How to Avoid This Error: Read the instructions for exercises 
at least twice and make sure you understand what they 
mean. Make this a habit and use it when taking tests. 
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ANSWERS 6.1-6.4 Quiz 
1. 36 
1 
2. R2 Simplify the expression. Write your answer using only positive exponents. (Section 6.1) 
3 2 
6476 1. 32-34 2. (k4)-3 3 4 4. fend 
3h 7515 35 4x ryt 
S 
4 Evaluate the expression. (Section 6.2) 
i 
8 = 1/4 
ay 5, 27 6. (4 7. 51228 8. (v4)> 


Graph the function. Identify the asymptote. Describe the domain and range. (Section 6.3) 


x 
9 y=" 10. y= -2(3) Me PEGA =o= i 
Determine whether the table represents an exponential growth function, an exponential . 


decay function, or neither. Explain. (Section 6.4} 


12. 13. 


x | 0 1 2 3 ae | ] 2 | 3 4 | 
y 7 21 63 | 189 y | 14,641 1331] 2 


Rewrite the function in the form f(x) = ab* to determine whether it represents exponential 
growth or exponential decay. (Section 6.4) 


il 4 xf2 
14. fix) = 311.67! 15. fx) = 3 (0.96)"* 16. f(x) = so(4) 


Peet ta) 


—_ ue eats 


asymptote: y = 0; domain: all real 


17. The table shows several units of mass. (Section 6.1) 
numbers, range: y > 0 


= = | 


Unit of mass Kilogram | Hectosram dekagram | decigram | centigram | milligram | microgram | nanogram 
1 
Mass (in grams) 103 L 102 10! [ 107! 10-2 1073 10-6 10-9 i 


a. How many times larger is a kilogram than a nanogram? Write your answer using only 
positive exponents. 


b. How many times smaller is a milligram than a hectogram? Write your answer using 
only positive exponents. 


c. Which is greater, 10,000 milligrams or 1000 decigrams? Explain your reasoning. 


18. You store blankets in a cedar chest. What is the volume of the 


cedar chest? (Section 6,2) 5 tt 
243 


19. The function f(t) = 5(4)' represents the number of frogs in a pond 


after t years. (Section 6.3 and Section 6.4, 
: : 1634 ft Yea ft 


a. Does the function represent exponential growth 
or exponential decay? Explain. 
b. Identify the initial amount and interpret the growth factor or decay factor. 
c. Graph the function. Describe the domain and range. 
d. What is the approximate monthly percent change? 


e. How many frogs are in the pond after 4 years? 


310 Chapter 6 Exponential Functions and Sequences 
asymptote: y = —1; domain: all real 
numbers, range: y > —1 


12. exponential growth; As x increases by 
1, yis multiplied by 3. 


19. a. exponential growth; As f increases by 1, c. 


Frog Pond 
yis multiplied by 4. 


13. exponential decay; As x increases by 
1, yis multiplied by + 

14. f(x) = 1.88(1.6); exponential growth 

15. f(x) = 0.28(0.96); exponential decay 

16. fi) = GSE: exponential decay 


b. 5 frogs; The number of frogs in the pond 
increases by 300% each year. 


17. a. 10!2 
5 Peo Gi aaa 
b. 10 na Seay ee 
c. 1000 dg; 10,000 mg = 108, Year 
1000 dg = 100 ¢ 
18. 48 ft domain: x > 0, range: y>0 


d. about 12% e. 1280 frogs 
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Geometric Sequences 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


A12.D 


ANALYZING 
MATHEMATICAL 
RELATIONSHIPS 


To be proficient in math, 
you need to notice when 
calculations are repeated 
and look both for general 
methods and for shortcuts. 


Essential Question How can you use a geometric sequence to 


describe a pattern? 


ce, the ratio between each pair of consecutive terms is the same. 


This ratio is called the commmiontratio. 


"EXPLORATION 1 Describing Calculator Patterns 


Work with a partner. Enter the keystrokes on a calculator and record the results in 


the table, Describe the pattern. 
a. Step 1 f 2 | BOC Step (6 84 =) 
sep? £3 a wore Xf. 5 = | 
Tl?) Mma) Toy) 
cs 2 


ws 
—E » Bae 


| Step 1 pall a || § Step ip ee es 
Calculator Calculator | 
display | : display | ue al 


c. Use a calculator to make your own 
sequence. Start with any number and 
multiply by 3 each time. Record your 
results in the table. 


Step o De Wah tp es) 
Calculator 
display 


a { 


d. Part (a) involves a geometric sequence with a common ratio of 2. What is the 
common ratio in part (b)? part (c)? 


dake) Nile Folding a Sheet of Paper 


Work with a partner. A sheet of paper is about 0.1 millimeter thick. 


a. How thick will it be when you fold it in half once? 
twice? three times? 


b. What is the greatest number of times you can fold a 
piece of paper in half? How thick is the result? 


c. Do you agree with the statement below? Explain 
your reasoning. 


“Tf it were possible to fold the paper in half 15 times, Cf 
it would be taller than you.” 


Communicate Your Anewer 


3. How can you use a geometric sequence to describe a pattern? 


4. Give an example of a geometric sequence from real life other than paper folding. 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.12.D The student is expected to write 
a formula for the nt" term of arithmetic 


and geometric sequences, given the 
value of several of their terms. 


ANSWERS 
1. a. 2,4, 8, 16,32; Each number is 
twice the preceding number. 


b. 64; 32; 16; 8, 4; Each number is 
half of the preceding number. 


c. Sample answer: 10, 20, 90, 270, 
810 


IL 
23 
0.2 mm; 0.4 mm; 0.8 mm 


Sample answer: 6 times, 6.4 mm 


we 
fe ie i fe 


yes; The thickness is a geometric 
sequence that doubles with each 
fold. After 15 folds, the thickness 
would be 3276.8 millimeters, or 
3.2768 meters, which is taller 
than a human being. 


3. Indicate the common ratio between 
each consecutive pair of terms. 


4. Sample answer: If you drop a tennis 
ball, the height after each bounce will 
be a common fraction of the height of 
the preceding bounce. 
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Extra Example 1 What You Will Learn 


Decide whether each sequence is P Identify geometric sequences. 


arithmetic, geometric, or neither. ore Mocabulary. Pm Extend and graph geometric sequences. 


Explain our reasoning > Write geometric sequences as functions. 
y ‘ geometric sequence, p. 372 


a. 8, 24, 72, 216, ... Seroyal Sag Sit identifying Geometric Sequences 
. 5 . P; i, 
The sequence is geometric. The fata ihe Seqienee 0 C 
are the same. The common ratio is 7 common difference G) ore oncept 


or 3. Geometric Sana 
b. 8, 3, —2, -7, ... metri 

The sequence is arithmetic. The 

differences are the same. The common 


zeome! ence, the ratio between each pair of consecutive terms is the 
same. Ts ratio is siealled the SUMMING! Each term is found by multiplying 
the previous term by the common ratio. 


1, 5, 25, 125,... Terms of a geometric sequence 
Se ae! 


difference is —5. , xe 


MONITORING PROGRESS 


ANSWERS “EXAMPLE 1 Identifying Geometric Sequences 
1. arithmetic; There is a common Decide whether each sequence is arithmetic, geometric, or neither. Explain 
difference of —4. your reasoning. 
2. geometric; There is a common ratio a. 120, 60, 30, 15,... Ib, 265 Wh, Whoo 
1 
Ole 
8 SOLUTION 


3. neither; There is neither a common 


: ; a. Find the ratio between each pair of consecutive terms. 
difference nor a common ratio. 


120 60 30 5) 


; 7 ee ee 

For classroom suggestions uae a = 5 a = ; ‘ = t The ratios are the same, The common ratio is 7 
teaching this lesson, see Laurie's 

Notes at BigideasMath.com. P So, the sequence is geometric. \ 


b. Find the ratio between each pair of consecutive terms. 


2 & 11 17 
ee Beet There is no common ratio, so the sequence 
773 €> 16 WTF — is not geometric. 


Find the difference between each pair of consecutive terms. 


22 6 11 17 
NB} &” Thereisnocommon difference, so the 
6-2=4 11-6=5 17-11=6 


sequence is not arithmetic. 


P So, the sequence is neither geometric nor arithmetic. 
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Decide whether the sequence is arithmetic, geometric, or neither. Explain your 


reasoning. 
A Feecro ta Weert eee Aare 7a, OPE WARS Gi, 2 ome 3727090 Gaee 
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| SUPPORTING English Language Learners 


Have students practice reading comprehension by reading aloud portions of page 312 in groups of 
mixed language abilities. Explain that they should ask for help from the group, other classmates, 
or the teacher if there is something they don’t understand. 


Beginning Read the Core Vocabulary and headings. 

Intermediate Read What You Will Learn, the problem statement in Example 1, and Monitoring 
Progress. 

Advanced/Advanced High Read the Core Concept and steps of the Solution in Example 1. 


ELPS 4.F.8 Use support from peers and teachers to develop vocabulary needed to comprehend 
increasingly challenging language. 
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Extending and Graphing Geometric Sequences 


EXAMPLE 2 Extending Geometric Sequences 


Write the next three terms of each geometric sequence. 


eye oe t6, 1, HEN B64 orale 
SOLUTION 
Use tables to organize the terms and extend each sequence. 
a. 
| Position | a | tp 5 6 7 
Term 3 6 [ 12 24 48 Sq || ike 


Multiply a term 
by 2 to find the 
next term. 


Each term is twice the previous | MA 2 ea Re oe ee 
term. So, the common ratio is 2. } 


> The next three terms are 48, 96, and 192. 


Position 1 


T 
Term 64 | = is 4 1 


ANALYZING 
MATHEMATICAL er. 1 re a 
RELATIONSHIPS Cal Cal stra) sal “Cal <a) pee | 


Multiply a 


When the terms of a 

geometric sequence p> The next three terms are a =e oe 
alternate between positive Te 64 
and negative terms, or 


vice versa, the common EXAMPLE 3 Graphing a Geometric Sequence 


ratio is negative. 


next term. 


Graph the geometric sequence 32, 16, 8, 4, 2, .... What do you notice? 


SOLUTION 
Make a table. Then plot the ordered pairs (n, a,,). 
STUDY TIP : a = 
The points of any Position, n 1 A | 3 4 5 
geometric sequence with Term, a, 32 16 | 8 | A 2 
a positive common ratio 


Jie on an exponential 
curve. 


> The points appear to lie on an exponential curve. 


Monitoring Progress «) Help in English and Spanish at BigideasMath.com 

Write the next three terms of the geometric sequence. Then graph the sequence. 
ee Ae ae 5. 2500. 500, 100, 20, .. . 
6ms0ne40n20) S10 ee De a ed OMe 
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Differentiated Instruction 


Auditory 

| Students may benefit from explaining the process for extending a geometric sequence and how to 
use the common ratio in that process. Have students take turns working at the board with one of 
several geometric sequences. Students should calculate the common ratio and then use it to find 
the next 3 terms, explaining each step in the process. 


Extra Example 2 
Write the next three terms of each 
geometric sequence. 


a. 972, 324, 108, 36, ... 
12, 4,5 

hy Th AL 8, SS a 
112, -224, 448 


Extra Example 3 
Graph the geometric sequence 6, 12, 24, 
48, 96, .... What do you notice? 


The points appear to lie on an exponential 
curve. 


MONITORING PROGRESS 


ANSWERS 
4. 81, 243, 729 


(i Dy Po PS) 


7. See Additional Answers. 
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Writing Geometric Sequences as Functions 


Because consecutive terms of a geometric sequence have a common ratio, you can use 
the first term a, and the common ratio r to write an exponential function that describes 


Extra Example 4 
Write an equation for the nth term of the 


geometric sequence 3, 12, 48, 192, = a geometric sequence. Leta, = 1 andr =S. 
Then find ajo. Position, 7 Term, a,, Written using a, and r Numbers 
a, = 3(4)? 1; The 10th term of the 1 first term, a, a, 1 
geometric sequence is 786,432. 2 second term, a, ayr Io5=§ 
3 third term, @; ayr 1 -5?=25 

MONITORING PROGRESS 4 fourth term, a, ap { «5305 
ANSWERS 

8. Ge = (a - le 15,625 n nth term, a, ay 1] «57-1 


9. "a, — 13)? 1;.832 


10. 4, = 432(5)" sg G Core Concept 
ll. a, = 4(2.5)"~ !; 976.5625 STUDY TIP 


n 


Equation for a Geometric Sequence 


Notice that the equation 
7 = a,r"~ lis of the form 
y =ab*, 


Let a, be the nth term of a geometric sequence with first term a, and common 
ratio r. The nth term is given by 


c= fp 
a, = ar 5 


EXAMPLE 4 Finding the nth Term of a Geometric Sequence 


Write an equation for the nth term of the geometric sequence 2, 12, 72, 432,.... 


Then find ajo. 
SOLUTION 
The first term is 2, and the common ratio is 6. 
a —ayire | Equation for a geometric sequence 
1 
a, = 26)" =! Substitute 2 for a, and 6 for r. 


Use the equation to find the 10th term. 


4, = 2(6y"~! Write the equation. 
aio = 2(6)!9- | Substitute 10 for n. 
= 20,155,392 simplify. 


> The 10th term of the geometric sequence is 20,155,392. 
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Write an equation for the nth term of the geometric sequence. Then find az. 
Eh. Ih Si, 25 12S oe 
Oh 13), Oo, MOH 

WO BU (Pi We PR ce 

Tile Gb, 1), FA), 185.5)5 6 a0 
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You can rewrite the equation for a geometric sequence with first term a, and common 


ratio r in function notation by replacing a, with f(1). Extra Example 5 
fn) =ayr"-! Use the information in Example 5. After 
The domain of the function is the set of positive integers. how many clicks on the zoom-out button 
is the side length of the map 5120 miles? 
PNRM Modeling with Mathematics After 11 clicks, the side length of the map 
wae Semmes ce | is 5120 miles. 
| +) ~ Gundare! “* 6 Clicking the zoom-out button on Zaomeoutclicte 1 2 7 B 
oe a a mapping website doubles the side each 7 
t Latayette yo length of the square map. After side leng 5 10 20 
Ca i, how many clicks on the zoom-out (miles) z | MONITORING PROGRESS 
i! ae NS kee : a aide length of the J ANSWER 
. ate ee ee OE mes: 125 1Oclicks 
| pen Seat orton o 
| guage me aes Be 4 SOLUTION 
i @ oo 3 oy | 1. Understand the Problem You know that the side length of the square map 
aed Rae eh aa Bal doubles after each click on the zoom-our button. So, the side lengths of the map 
fae hail ~* Denver gay Awl represent the terms of a geometric sequence. You need to find the number of clicks 
area 8 Nae eh it takes for the side length of the map to be 640 miles. 


2. Make a Plan Begin by writing a function f for the nth term of the geometric 
sequence, Then find the value of n for which f(7) = 640. 


3. Solve the Problem The first term is 5, and the common ratio is 2. 
fn) =a,r"} Function for a geometric sequence 
fd) = 502)" -! Substitute 5 for a, and 2 for r. 


The function f(#) = 5(2)"~ | represents the geometric sequence. Use this function 
to find the value of x for which f(72) = 640. So, use the equation 640 = 5(2)"~ ' to 


write a system of equations. 
oe 
S 


1000 


y= sae ~" Equation 1 


y = 640 Equation 2 


Then use a graphing calculator to graph the 

1 1 i i Intersection 
equations and find the point of intersection. oles 2 
The point of intersection is (8, 640). 0 


¥=640 


P So, after eight clicks, the side length of the map is 640 miles. 


4. Look Back You can use the table feature of a graphing calculator to find the 
value of n for which f(”) = 640. 
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12. WHAT IF? After how many clicks on the zoom-out button is the side length of 
the map 2560 miles? 
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| Closure 


¢ Writing: Describe in words how to find the 10th term of a geometric sequence. Sample answer: 
Find the common ratio of the sequence. In the equation a, = a,r” — ', substitute the first term for 
a,, the common ratio for r, and 10 for n. Then simplify the equation. 


e Exit Ticket: Find the 10th term of the geometric sequence 3, 15, 75, 375, ... 5,859,375 
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6.5 Exercises 


Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 
Homework Check 


Vocabulary and Core Concept Check 


1. WRITING Compare the two sequences. 
ETO, 3, MOS aa 


ASSIGNMENT 
Basic: 1, 2, 3~37 odd, 44, 46, 55, 56 


yh ish, WO, Sen a6 


Average: 1, 2-50 even, 55, 56 


Advanced: 1, 2, 8, 12-24 even, 
30-44 even, 45-56 


HOMEWORK CHECK 
Basic: 9, 19, 25, 37 
Average: 12, 22, 26, 38 


2. CRITICAL THINKING Why do the points of a geometric sequence lie on an exponential curve only 
when the common ratio is positive? 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, find the common ratio of the 
geometric sequence. 


In Exercises 19-24, write the next three terms of the 
geometric sequence. Then graph the sequence. 


Advanced: 12, 22, 30, 38 3. 4, 12, 36, 108,... 4) 26 Gell ae (Gee BromplesZ ard 1) 
19. 5,20, 80,320,... 20, —3, 12 ae.com 
5. ey 924) 192. 6 OER Om I0O ae 
21, 81,=27,9,=3,... 22. —375, 75,216 


ANSWERS 


il. 


The first sequence is an arithmetic 
sequence with a common difference 
of 2. The second sequence is a 
geometric sequence with a common 


Th WAS. D8, TA, Sts oo Ge 1, Sr, SI (Oy oc 
In Exercises 9-14, determine whether the sequence 

is arithmetic, geometric, or neither. Explain your 
reasoning. (See Example I.) 


1 16 8 
BBs, SUG, By Fe 0c CE rests Shy os 
In Exercises 25-32, write an equation for the nth 
term of the geometric sequence. Then find ag. 
(See Example 4.) 


; Ge 0.8. 16". Ob Sikh 010 oe 
ratio of 2. 7. 213, 82, WDB, woe Ald (Wiss, =), 15), =75,.. « » 
ay 
2. A negative number raised to an odd jer: 1B a ela i 9 7 
: ; 4 27. -3—prprl.... 28. 0.1,0.9, 8.1, 72.9, ... 
exponent is negative, and raised to an 13. 192, 24,33 a, =I, 18, 1, = 
even exponent Is positive. So, if the 2. i 1 2 3 4 
common ratio is negative, the terms In Exercises 15-18, determine whether the graph ' 
willalternate Gone represents an arithmetic sequence, a geometric sequence, a, | 7640 | 764 | 76.4 | 7.64 
Tens: or neither. Explain your reasoning. 
SE 3 
a 15. zit (4, 250), ie. “Oe 30. i 2 sare 
o 8 3, 16 ‘7 
: AG ae Pye --192| 48 |-12} 3 
id 160 12 °(2, 11) 
6. 10 a ‘ Wea: a 
te (1,2) ¢(3, 50) zagp (1, 224) | 
4 ie | 
1 e e— (2, 10) 
8. cr 0 D 4 n 160 Q : ng 
9. arithmetic; There is a common ee aa: ; o" g 
difference of 8.  a2gt gf 120) "pat (a, 2a) Po / (3, 56)¢ (4, 28). 
. . . - = ° : ‘ 
10. neither; There is neither a common » ‘ °(3, 15) (4, — 108) ——. 
difference nor a common ratio. (2, 60) °(2, 6) 
: : . : 33. PROBLEM SOLVING A badminton tournament begins 
is e 40 
11 neither; There is neither a common (3,20) with 128 teams. After the first round, 64 teams 
difference nor a common ratio. a of 2) remain. After the second round, 32 teams remain. 
12. geometric; There is a common ratio 0 2 en How many teams remain after the third, fourth, and 
ora fifth rounds? 
13. geometric; There is a comm u ; , 
of 1 porepee inane aee sean 316 Chapter 6 Exponential Functions and Sequences 
of =. 
8 
14. arithmetic; There is a common 
difference of 7. 
15. geometric; There is a common ratio 19. 1280; 5120; 20,480 20. —768; 3072; — 12,288 
of 5. an ah he ‘ei ae ee oe 
16. neither; There is neither a common ci ees aE 
difference nor a common ratio. (7, 20,480), beat 
; a toe jee (4,10) + 74 
17. neither; There is neither a common F ie, 3072) 
difference nor a common ratio. Yon sar 
. ae : i ae al A 
18. arithmetic; There is a common ae eo ; fy + = 7 a 
difference of 9. et eae ‘--—§000 |-(1, —3)+—— (5, —768)-—| 
if ((5, 1280) — a — ea 
2 4 6 8n 
21-33. See Additional Answers. 
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34. 


35. 


36. 


37. 


PROBLEM SOLVING A graphing calculator screen 
displays an area of 96 square units. After you zoom 
out once, the area is 384 square units. After you zoom 
out a second time, the area is 1536 square units. What 
is the screen area after you zoom out four times? 


ERROR ANALYSIS Describe and correct the 
error in writing the next three terms of the 
geometric sequence. 


8, 4, = ale aree 
Sel Se 
x(—2) x(—2)  x(=2) 


The next three terms are —2, 4, and —8. 


ERROR ANALYSIS Describe and correct the error 
in writing an equation for the nth term of the 
geometric sequence. 


x Rea Te AEE... 
The first termis —2, and the 
common ratio is —6. 


= a4 
a, =a4r 


a,= —2(-6)"-1 


MODELING WITH MATHEMATICS The distance 
(in millimeters) traveled by a swinging pendulum 
decreases after each swing, as shown in the table. 
(See Example 5.) 


en 
wing ail: 
Distance (in millimeters) | 625 | 500 


= 


distance 


a. Write a function that represents the distance the 
pendulum swings on its nth swing. 


b. After how many swings is the distance 
256 millimeters? 


38. 


MODELING WITH MATHEMATICS You start a chain 
email and send it to six friends. The next day, each 
of your friends forwards the email to six people. The 
process continues for a few days. 


a. Write a function that 
represents the number of 
people who have received 
the email after n days. 


b. After how many days will 
1296 people have received 
the email? 


MATHEMATICAL CONNECTIONS In Exercises 39 and 
40, (a) write a function that represents the sequence of 
figures and (b) describe the 10th figure in the sequence. 


41. 


42. 


43. 


44. 


REASONING Write a sequence that represents the 
number of teams that have been eliminated after n 
rounds of the badminton tournament in Exercise 33. 
Determine whether the sequence is arithmetic, 
geometric, or neither. Explain your reasoning. 


REASONING Write a sequence that represents 

the perimeter of the graphing calculator screen in 
Exercise 34 after you zoom out n times. Determine 
whether the sequence is arithmetic, geometric, or 
neither. Explain your reasoning. 


WRITING Compare the graphs of arithmetic 
sequences to the graphs of gcometric sequences. 


MAKING AN ARGUMENT You are given two 
consecutive terms of a sequence. 


so ng eos 


Your friend says that the sequence is not geometric. 
A classmate says that is impossible to know given 
only two terms. Who is correct? Explain. 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
34. 24,576 square units 


ee 
35. The common factor is Ola 2, 


=, 4, =2), ilpens 
Sos, (| Gee, A Ree, 


lel 
The next three terms are —5, g, and 
i 2 


. 

36. The common ratio is 6, not —6; The 
first term is —2 and the common ratio 
is Ol, = Gyr = a= 2(ojae | 


37 os 
a = 5) 

b. 5 swings 
38. a. a, = 6" 

b. 4 days 

39. a. a, =o"! 

b. a large square containing 
387,420,489 small squares 

40. a. a, =4" "1 

b. a large triangle containing 
262,144 small triangles 

41. a,= 64(4)" ' geometric; There is a 
common ratio of i. 

42. a, = 80(2)"~ '; geometric; There is a 
common ratio of 2. 

43. Graphs of arithmetic sequences form 
a linear pattern. Graphs of geometric 
sequences form an exponential 
pattern when the common ratio is 
positive, and a pattern of points 
alternating between Quadrants I 
and IV when the common ratio is 
negative. 

44. your friend; The only way to get 0 as 
a term would be with a common ratio 
of 0. If the common ratio is 0, then 
there is no possible previous term that 
would result in —8 as the next term. 
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’ 45. CRITICAL THINKING Is the sequence shown an 51. REPEATED REASONING A soup kitchen makes 
ANSWERS arithmetic sequence? a geometric sequence? Explain 16 gallons of soup. Each day, a quarter of the soup is 
45. yes; yes: It is an arithmetic sequence your reasoning. served and the rest is saved for the next day. 

with a common difference of 0, and a Dyk Bibby aca a. Write the first five terms 
geometric sequence with a common Obie cegiaites Ga 
: , ; number of fluid ounces 
ratio of 1. 46. HOW DO YOU SEE IT? Without performing any of soup left each day. 
46. a. B calculations, match each equation with its graph. } : 
Explain your reasoning. b. Write an equation that 
b A represents the nth term 
ene of the sequence. 
When the common ratio is greater 2 
than |, the values in the sequence c: eee - a We Say 
: hae: one? Explain. 
increase. When the common ratio is E i 
between 0 and I, the values in the B. ’ 
; 52. THOUGHT PROVOKING Find the sum of the terms of 
sequence decrease. the geometric sequence. 
47. 59,049 pe 
48. Sample answer: 1, 1, 2, 3,5, 8, oy eed” ' 
13, ...; After the first two terms, each Explain your reasoning. Write a different infinite ; 
term is the sum of the preceding two ; geometric sequence that has the same sum. 
terms. ; 
49. dependent; Each term is calculated nh pane, eis eee ee Be eo 53. OPEN-ENDED Write a geometric sequence in which 
from the preceding term. 4 3 Goa 
50-56. See Additional Answers. 48. OPEN-ENDED Write a sequence that has a pattern but 54. NUMBER SENSE Write an equation that represents the 
is not arithmetic or geometric. Describe the pattern. 3 
nth term of each geometric sequence shown. 
49. ATTENDING TO PRECISION Are the terms of a a 1 2 3 4 
geometric sequence independent or dependent? fp + | 
Mini-Assessment Explain your reasoning. an | 2 | 6 18 i 54 
: 50. DRAWING CONCLUSIONS A college student makes a Le 2 | 3 aes 
| 1. Decide whether the sequence deal with her parents to live at home instead of living oS aa 
| 13, 23, 33, 43, ... is arithmetic, on campus. She will pay her parents $0.01 for the first (2), | | 5 25 125 


| geometric, or neither. Explain 
your reasoning. arithmetic; The 
differences are the same. The 
common difference is 10. 


. Write the next three terms of the 
geometric sequence 7 sic as irre 
Then graph the sequence. 

27, 81, 243 


day of the month, $0.02 for the second day, $0.04 for 
the third day, and so on. 


a. Write an equation that represents the nth term of 
the geometric sequence. 


b. What will she pay on the 25th day? 


c. Did the student make a good choice or should she 
have chosen to live on campus? Explain. 


a. Do the terms a, — bi, a) — by, a, — b3,... forma 
geometric sequence? If so, how does the common 
ratio relate to the common ratios of the sequences 
above? 

b. Do the terms ay ee 23 ; 

by by b; 
sequence? If so, how does the common ratio relate 
to the common ratios of the sequences above? 


. . form a geometric 


Mainta in ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


(Section 4.6) 


Ey 
A Use residuals to determine whether the model is a good fit for the data in the table. Explain. 


55. y=3x-8 


6, 81) 

\8 3) (5,27) 
A ald 9) 

6 n 
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Exponential Functions and Sequences 


. Write an equation for the nth term 


of the geometric sequence 11, —33, 
99, —297, .... Then find ag. 


a, = 11(-3)"~ tag = —24,057 

. The number of bacteria in a culture 
doubles each hour. After how many 
hours is the number of bacteria 
7680? 


If students need help... 


If students got it... 


Resources by Chapter 
¢ Enrichment and Extension 
¢ Cumulative Review 


oe ae os 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


Student Journal 
© Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


Number of 
bacteria 


after 7 hours 
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Recursively Defined Sequences 


Essential Question How can you define a sequence recursively? 


TEXAS ESSENTIAL AVMUURAPIINE cives the beginning term(s) of 4 uf : 
KNOWLEDGE AND SKILLS 5 le gives the beginning term s)o a sequence and a recursive equation 
that tells how a, is related to one or more preceding terms. 


AA2.C 
RO) Vite)\ig Describing a Pattern 
Work with a partner. Consider a hypothetical population of rabbits. Start with one 
breeding pair. After each month, each breeding pair produces another breeding pair. 
The total number of rabbits each month follows the exponential pattern 2, 4, 8, 16, 
32,.... Now suppose that in the first month after each pair is born, the pair is too 
young to reproduce. Each pair produces another pair after it is 2 months old. Find 
the total number of pairs in months 6, 7, and 8. 
Number 
Month of pairs 
> a pair is too young to produce. { 
ole Age 1 
ee a 
’ | Ly, Red pair produces blue pair. \ ; 
| we | 
? Red pair produces| ig — —e 
i 3 | green pair. is 
: 
“Ba Red pair Beane 
4 cael orange pair. 
ANALYZING as 
MATHEMATICAL tiara 
RELATIONSHIPS 
To be proficient in math, , . ‘ ; ; 
you need to look closely > (Re) y-Vele)\ ia Using a Recursive Equation 


to discern a pattern 
or structure. 


Work with a partner. Consider the following recursive equation. 


(ah NE oy SE a) 


Each term in the sequence is the sum of the two preceding terms. 


Copy and complete the table. Compare the results with the sequence of the number 
of pairs in Exploration |. 


a " ay a3 ay as + a ay ag | 
leriecw i | 


Communicate Your Answer 


3. How can you define a sequence recursively? 


4. Use the Internet or some other reference to determine the mathematician who first 
described the sequences in Explorations | and 2. 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


SUPPORTING English Language Learners 


Have students work in pairs to complete the explorations and Communicate Your Answer. Have 
them take turns reading aloud and discussing the instructions and questions with each other. Explain 
that to make certain they understand what their partner is saying, they should restate it in their own 
words, and ask if that is what was meant. 


Beginning Restate using simple phrases of two or three words. 
Intermediate Restate using simple sentences. 
Advanced/Advanced High Restate using multiple sentences. 


ELPS 2.D.2 Seek clarification [of spoken language] as needed. 


Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
Lesson PlanningTool === - - — - 
Interactive Whiteboard Lesson Library | 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.12.C The student is expected to 
identify terms of arithmetic and geometric 


sequences when the sequences are given 
in function form using recursive processes. 


ANSWERS 
1. 8 pairs, 13 pairs, 21 pairs 
2 a olOw2 le wunevadiemmesanmle: 


3. Give the beginning term(s) of a 
sequence and a recursive equation 
that tells how a, is related to one or 
more preceding terms. 


4. Leonardo Fibonacci 
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Extra Example 1 


Write the first six terms of each sequence. 


Then graph each sequence. 
a. a, = 3,4, =a,_,+5 
3,6, 137 1823020 


a 


b. a, = 0.5,a, = 2a, _, 
03,1,2,4, 6.16 
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6.6 Lesson What You Will Learn 


> Write terms of recursively defined sequences. 
> Write recursive rules for sequences. 
Core Vocabulary. > Translate between recursive rules and explicit rules. 
explicit rule, p. 320 > Write recursive rules for special sequences. 
recursive rule, p. 320 
TIES Writing Terms of Recursively Defined Sequences 


arithmetic sequence 
geometric sequence 


So far in this book, you have defined arithmetic and geometric sequences explicitly. 
An explicit rule gives a, as a function of the term’s position number n in the 
sequence. For example, an explicit rule for the arithmetic sequence 3, 5, 7, 9,... is 
a Sar 2 = M, Ora, = BA cr Il, 


n 


Now, you will define arithmetic and geometric sequences recursively. A recursive 
rule gives the beginning term(s) of a sequence and a recursive equation that tells how 
a,,1s related to one or more preceding terms. 


G) Core Concept 


Recursive Equation for an Arithmetic Sequence 


a, = a, —, + d, where d is the common difference 


Recursive Equation for a Geometric Sequence 


a, = 1a, _,, where ris the common ratio 


“EXAMPLE 1 Writing Terms of Recursively Defined Sequences 


Write the first six terms of each sequence. Then graph each sequence. 


iy Oy = 2G, = Eh, 2 1 or 3 b, a, = 1,4, = 3a, _; 
SOLUTION 
You are given the first term. Use the recursive equation to find the next five terms. 
ab ay = 2 b. a, = 1 
a =a,+3=24+3=5 a, = 3a, = 3(1) = 3 
a3 =a,+3=5+3=8 a = Vey = AG) =o 
a,=4,+3=8+3=11 By = Ney = NON) = 27) 
as=a4,+3=11+3= 14 as = 3a, = 3(27) = 81 
Q4g=a,+3=14+3=17 ag = 3a, = 3(81) = 243 


a r 


STUDY TIP 


A sequence is a discrete 
function. So, the points 
on the graph are not 

connected. 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


Differentiated Instruction 


| Inclusion 
Some students may have difficulty understanding the difference between explicit and recursive 
| equations for a sequence. Point out that an explicit equation allows you to find any term ina 
sequence. For example, given the first term and the explicit equation, you can find the second term, 
the 8th term, the 15th term, or any other term. A recursive equation allows you to find only the 
next term in a sequence. For example, given the first term and the recursive equation, you can only 
find the second term. Then you must use the second term and the recursive equation to find the 
third term, and so on. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Write the first six terms of the sequence. Then graph the sequence. 


Extra Example 2 
Write a recursive rule for each sequence. 
a, =8, — 1, ©, 12, 20h ox 
pad a = =i eh = Go ae 
b- 405, 135, 45,.15, 5, ... 
a, = 405, a, = Faq 1 


bea PAs Gy = = eas (he 5) Ue a 


3. a, = —36,4a, = $4, — 4. a, = 0.7,a, = 10a 


Writing Recursive Rules 


SONNY Writing Recursive Rules 


MONITORING PROGRESS 


Write a recursive rule for each sequence. ANSWERS 
Bh Std), ST, Gh Gh 8 oes b. 500, 100, 20, 4, 0.8,... ik, ©, Sh, Sie Soe, = ai 
SOLUTION 


Use a table to organize the terms and find the pattern. 


| Positionn | 1 | 2 | 3 | 4 | 5 
| term,a, | -30/-18| -6 | 6 | 18 
Se SA al Set 
COMMON ERROR +12 +12 +12 +12 
When writing a recursive The sequence is arithmetic, with first term @, = —30 and common difference d = 12. 
Tae feces ia a, =4,-,+4d Recursive equation for an arithmetic sequence 


beginning term(s) and the @, = Gyo) * 2 Substitute 12 for d. Me ep PBL Uae) 
recursive equation. ee Oe 


P So, arecursive rule for the sequence is a, = —30,4, =a, —, + 12. ye aes 


Position, n || | 2 3 | 4 [eee 
ean | | Le 
Term, a, | 500 | 100 | 20 | 4 | 08 | 
SOS 
xt xt xt xt 


The sequence is geometric, with first term a, = 500 and common ratio r = - 


Gy =F OW 


a, = 24, x Substitute + for r. 


wei Recursive equation for a geometric sequence 


: : 1 
P So, arecursive rule for the sequence is a, = 500, a, = za 


Satie 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
Write a recursive rule for the sequence. 

Eb ls Bly eae ea a Gi, Wi AG, OS, OB. g ac 

7. 4, 20, 100, 500, 2500, . .. , 12S, =, = 2 OS oo. 


9: Write a recursive rule for the height of the sunflower over time. 


ohh < 4. 0.7; 7; 70; 700; 7000; 70,000 
as | month: "4 2 months: 3 months: 4 months: Spee pea 


i(* 
@m 2 feet - 3.5 feet 5 feet it: 6.5 feet Se 


eens ——— 80,000 
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60,000 


40,000 


20,000 


So Oh = Gy, = G3 — © 

a) = s.0, S@,2; 77 le 

7. a, =4,a, =5a,_, 

8. a, = 128,a, = —fay — i 

2 a SZ iia, = @, = 7 Lt 
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Extra Example 3 
Write an explicit rule for each recursive 
rule. 


a. a, =9,a,=a,_,—-4 
a, = —4n + 13 

b. a, = 4.5, a, = 3a, _, 
a, = 45(3)"—" 


Extra Example 4 


Write a recursive rule for each explicit rule. 


a. a,=6n—5 

a, = 1,4, =a,_, +6 
b. a, = 4(3)"—! 

a, = 4,4, = 3a, _; 


MONITORING PROGRESS 


ANSWERS 
I. @, = Ala = 8 


Wea = 133) et 
IP, Gf = 0G, = 4,5 — Il 
13. a, = —2.5, a, = 4a, _, 
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Translating between Recursive and Explicit Rules 


EXAMPLE 3 Translating from Recursive Rules to Explicit Rules 


Write an explicit rule for each recursive rule. 


Ba = ll Ds Gp = UES, at, = =U svai 


ib Wy = 25), ah = a YA 9 


SOLUTION 


a. The recursive rule represents an arithmetic sequence, with first term a, = 25 and 
common difference d = —10. 


a, = a, + (n—- 1d Explicit rule for an arithmetic sequence 
25 + (n — 1)(-10) Substitute 25 for a, and —10 for d, 
= =the =P 3S) Simplify. 


5 
H 


> Anexplicit rule for the sequence is a, = —10n + 35. 
b. The recursive rule represents a geometric sequence, with first term a, = 19.6 and 
common ratio r = —0.5. 
Gh, = agp?! Explicit rule for a geometric sequence 
a, = 19.6(-0,5)" = ! Substitute 19.6 for a, and —0.5 for r. 


p> Anexplicit mle for the sequence is a, = 19.6(—0.5)"~ '. 


“EXAMPLE 4 Translating from Explicit Rules to Recursive Rules 


Write a recursive rule for each explicit rule. 


and a Dis, b. a, = —3@2)7} 
SOLUTION 
a. The explicit rule represents an arithmetic sequence, with first term 
a, = —2(1) + 3 = | and common difference d = —2. ; 
= Cay a a Recursive equation for an arithmetic sequence 
Gh = Ha (=) Substitute —2 for d. 
> So, arecursive rule for the sequence is a, = 1, a, =a, — , — 2. 
b. The explicit rule represents a geometric sequence, with first term a, = —3 and 


common ratio r = 2, 


Gy = F OG = Recursive equation for a geometric sequence 
Q, = 24, -4 Substitute 2 for r. 
> So, a recursive rule for the sequence is a, = —3, a, = 2a, _ }. 


Monitoring Progress @) Help in Engtish and Spanish at BigideasMath.com 
Write an explicit rule for the recursive rule. 

1h Gh = S455 = eh, ar LO ils @y = IS, @, = = Be 
Write a recursive rule for the explicit rule. 


12. 4,=—-n+1 13. a, = —2.5(4y"- | 


n 


Exponential Functions and Sequences 


Writing Recursive Rules for Special Sequences 


You can write recursive rules for sequences that are neither arithmetic nor geometric. 
One way is to look for patterns in the sums of consecutive terms. 


“EXAMPLE 5 Writing Recursive Rules for Other Sequences 


Use the sequence shown. 
1 Pek tora iene 
a. Write a recursive rule for the sequence. 


b. Write the next three terms of the sequence. 


SOLUTION 


a. Find the difference and ratio between each pair of consecutive terms. 


1 1 2 3 
Mee ae ee 
I-10 2ei J=2=1 


There is no common difference, so the 
sequence |s not arithmetic. 


—— 


The sequence in Example 5 is 
called the Fibonacci sequence. This 1 | 2 3 
pattern is naturally occurring in 


many objects, such as flowers. There is no common ratio, so the sequence Is 


not geometric. 


Find the sum of each pair of consecutive terms. 
a+a=1+1=2 2 is the third term. 


+ 
a%+a,=1+2=3 3 is the fourth term. 


Gace th =) ae 8) = 5) 5 is the fifth term. 


teh or tie = Bar 5) = 8 8 is the sixth term. 
Beginning with the third term, each term is the sum of the two previous terms. 
A recursive equation for the sequence is a, = a, _. + 4@ 


imal 


ra 


P So, a recursive rule for the sequence is a, = 1, a) = 1, a, = a, 9 + a, — 3. 


b. Use the recursive equation a,, = a, 5 + a, — , to find the next three terms. 


a, = a, + ag ag =a, +t a; Ay = A, + ag 


=) ap =8+ 13 3) ae 2A 


= 3 =21 34 


> The next three terms are 13, 21, and 34. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Write a recursive rule for the sequence. Then write the next three terms of 
the sequence. 


AGL, 3), fon WN, HG eo oe 
Uy ede), ell, = 1,0 Te Nos 5 


15 = 37 S45 7a S18, 
17.4.3 oy BAe. 
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| Clos 


¢ Look Back: Have students Look Back over Sections 6.5 and 6.6. Have them summarize what they 
understand about sequences and what helped them learn it. 


Extra Example 5 
Use the sequence shown. 


fp one ea lan 28, 


Buy fat 


a. Write a recursive rule for the sequence. 


a, => =Al, ay = by, 


an = Ay 27 4,4 


b. Write the next three terms of the 


sequence. —60, —97, 


157 


MONITORING PROGRESS 


a, —~92 ar Gy — 4s 


ANSWERS 

lds Gh = 3,45 = ©. ai, = 
45,73, 118 

IWS Gy = =, = 4h 
Gh, = Whe oy a Che 
i Ie 

16. a4,=1,@ = 1,4, =a 
Oe 

Ws hy = 4h ah = 301, = 
7, =I, We 


Section 6.6 


323 


4 ci 6.6 Exe rcises Dynamic Solutions available at BigideasMath.com 
Assignment Guide and 


Homework Check 
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ASSIGNMENT Vocabulary and Core Concept Check 
Fie, ee a 4. COMPLETE THE SENTENCE A recursive rule gives the beginning term(s) of a sequence and 
Basic: 1, 2, 3-45 odd, 54, 58, 60-67 | a(n) that tells how a, is related to one or more preceding terms. 
Average: 1, 2-54 even, 58, 60-67 
2. WHICH ONE DOESN'T BELONG? Which rule does nor belong with the other three? Explain your 
Advanced: 1, 2, 6, 8, 12, 16-22 even, reasoning. 
26-34 even, 38-48 even, 52-67 
a,=—l,a,= SN Gh = Ga yar 
HOMEWORK CHECK 
Basic: 7, 15, 23, 29, 39 iol ; , : 
Average: 8, 14, 26, 30, 40 Monitoring Progress and Modeling with Mathematics 
Advanced: ile 16, 26, 30, 40 In Exercises 3-6, determine whether the recursive WZ ti, —3,=—6,=—9, -11,... 
rule represents an arithmetic sequence or a geometric 
APTA 1S, = 20,0), — 310, WAO, . 
ANSWERS Si, ih = yah; = Uy 9 a hy = ISG, =, = 7 oP I An “6. 
1. recursive equation 5. 4, =5,4,=4,_)-4 60 eo, = sa — 6a) 
2. a, = 6n — 2; Itis the only explicit ; : , 
vt In Exercises 7-12, write the first six terms of the 
UNE sequence. Then graph the sequence. (See Example /.) 
3. geometric ee at ae et aoe 
4. arithmetic ' 
: : 8. = 10,a,=a,-,—5 
5. arithmetic a ea! 
6. geometric S, a =20,=94, | 21. MODELING WITH MATHEMATICS Write a recursive 
rule for the number of bacterial cells over time. 
7. 0, 2,4, 6, 8, 10 10. a, = 8,a, = 15a, _ | é : 
Ae ea ee 1 hour & 
th 4 = sha, = Fa, | [9 
2 hours ¢ “ 
12. a, = —7,a, = —4a,_ | Ss MS. 
In Exercises 13-20, write a recursive rule for the 3 hours & * & = 
sequence. (See Example 2.) /\ vas AS ae 
3. S— pawemornpaeasny 4hous @& e € Oe G&S & @ 
“Wm 1 | 2) 3] 4, 
ae 
| ap | i | 16 ia 25 | 34 22. MODELING WITH MATHEMATICS Wnite a recursive 
ee pa rule for the length of the deer antler over time. 
“ee a 
a se oe 1g 2 
- 1 aetna tieedl bee tt Ee q " q 
Yes as cilly AIG Sh a oe 
1 day: 2 days: 3 days: 4 days: 
i 2), P il 
We. Sh Hk, WER ATE, SI « « 4; in. arr (th 5 in, Sim Uh 
| 


10. 8, 12, 18, 27, 40.5, 60.75 11, 20, 40. 20) 11005, 


an 


—3 12, -7, 28, 112, 448, - 1792, 
a beter rice 


13-22. See Additional Answers. 
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In Exercises 23-28, write an explicit rule for the 
recursive rule. (See Example 3.) 


7283, hy = BO, 52 Gy ar 3 


uh, Gh ha, Gh ay = 
7B, 1 = hoe SUSE, _ ij 
Aa, Gh = SZ, = Sa = 5 
7Hihy thy = Sa eh ae JUG 


23, Gh = SL @, = 54 


alt 


In Exercises 29-34, write a recursive rule for the 
explicit rule. (See Example 4.) 


7b Gh, = he" SU, a= aise 2 
Bib Gy = Lawak s ay, Ga = A 

DI nal 
skh @ = (Sse! 34. a, = -8i(2) 


In Exercises 35-38, graph the first four terms of the 
sequence with the given description. Write a recursive 
rule and an explicit rule for the sequence. 


35. The first term of a sequence is 5. Each term of the 
sequence is 15 more than the preceding term. 


36. The first term of a sequence is 16. Each term of the 
sequence is half the preceding term. 


37. The first term of a sequence is —1. Each term of the 
sequence is —3 times the preceding term. 


38. The first term of a sequence is 19. Each term of the 
sequence is 13 less than the preceding term. 


In Exercises 39-44, write a recursive rule for the 
sequence. Then write the next two terms of the 
sequence. (See Example 5.) 


Bo lS ails. AGT ONO Gaal 
MV 27425 2, 4, S25 c2is 


ADE Omliwars low 2 sera. 


43. 4p — 44, 4, 


30 ~ Sern, 60 
20 = 40 
ee 4, 9) 2, 16 
i (4, 1)/ i a sa ie > ac 1) 
[© 0, 3) Gao bo 
% 2 4 n 0 23 4 n 


45. 


46. 


ERROR ANALYSIS Describe and correct the error in 
writing an explicit rule for the recursive rule a, = 6, 


Gh = a5 — We 


x 


a,=a,+(n-—1)d 
a, = 6+ (n— 1)(12) 
4,=6+12n-12 
4,=—-6+ 12h 


a 


ERROR ANALYSIS Describe and correct the error 
in writing a recursive rule for the sequence 
2,4, 6, 10, 16,.... 


2, A Bronc 
Sa SA? 
ap Ph aE 


The sequence is arithmetic, with first term 


a, = 2 and common difference d= 2. 
a, poe 
4= 2,4,=4, aoe 


In Exercises 47-51, the function f represents a sequence. 
Find the 2nd, 5th, and 10th terms of the sequence. 


47. 


48. 


49. 


50. 


51. 


52. 


Section 6.6 


pee ee 
39. a, = 1, a = 3,4, i 2S) 
40. a, = 10, a, = 9,4, Ly Sean 

= 22, 
4\. a, =2,a,=4,4a,=4,_, — 4,952.4 


fQ) =3,f™@) =f(2~-1)+7 
fC) = -1,f() = 6f( — 1) 

HOD it) = 
SQ) = 4, f(2) = 5, fn) 


—f@— 1) 
=f(n—2)+ fu-1) 
OD) = WO AD) SL A) = ike = 1) @ = 2) 


MODELING WITH MATHEMATICS The X-ray shows 
the lengths (in centimeters) of bones in a human hand. 


a. Write a recursive rule for the lengths of the bones. 


b. Measure the lengths of different sections of 
your hand. Can the lengths be represented by 
a recursively defined sequence? Explain. 
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42. a, =6,a,=1,4,=4a,_,+ 4, - 1; 38, 61 
43. a, = 1, a, =3,a4, = (a, — 1)(a, ~ 2); 243, 

6561 
44. a, = 64, a = 16,4, = on = 2, ae 

Qn —| 4 

45. The common difference is —12, not 12; 

G, =O 4 (a= IN aE 

= 0 = Iker We, = Ss = Nie 

46. The sequence is not arithmetic; Each term 


in the sequence is the sum of the preceding 
two terms; ad, = 2, a, = 4, 
Gly = Oy 3 Oly a 


47-52. See Additional Answers. 


22> 
24. 
23; 
26. 
Bile 
28. 
29. 
30. 
Sle 
32% 
SS: 
34. 
Sy 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool. 
interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic investigations 


ANSWERS 
= 3n — 6 
= = (12 sb 20) 


16(0.5y"—! 


= = YQye ~ |! 
ca (ie) 
= 5(-5)"~1 
= 7G, = Be 


te Il 


= igh Od, ais 
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$3. USING TOOLS You can use a spreadsheet to generate 5S. REASONING Write the first 5 terms of the sequence 
ANSWERS the terms of a sequence. a, = 5, a, = 3a, _ ; + 4. Determine whether the 


Sa oy 3 SW. © iil, 13. 1S, 197, 19, Bil sequence is arithmetic, geometric, or neither. Explain 
ays ea your reasoning. 
b. 3; 12; 48; 192; 768; 3072; 12,288; 
49,152; 196,608; 786,432 
Ce AT SF a eA. See 
547 ay 2 sao oon 


$6. THOUGHT PROVOKING Describe the pattern for 
the numbers in Pascal’s Triangle, shown below. 
Write a recursive rule that gives the mth number 


i in the nth row, i 
Qinn — om = Wea 1} a Ann al) 1 : 
b. Fibonacci sequence; 13 a. To generate the terms of the sequence a, = 3, yo . 
c. Check students’ work. The a, = a, —; + 2, enter the value of a,, 3, into cell to 2 ol 
di f ihe Goskschoutdin AL. Then enter “=A1+2” into cell A2, as shown. ls 8 il 
alg Tal oun Ae OOK shou © Use the fill down feature to generate the first t 2 6 22 
drawn, along with an extended 10 terms of the sequence. il & 1010 5 il | 
13 by 13 grid at the bottom. The b. Use a spreadsheet to generate the first 10 terms —— — ™ —= 
curve should continue into this f the s = =4 . (Hint: Ent 
; eeprioiage ae men a CT as S7. REASONING The explicit rule a, = a, + (n — Id 
grid and end in the bottom right SA) defines an arithmetic sequence. * 
comer. The grid should be labeled c. Use a spreadsheet to generate the first 10 terms of : 
; a. Explain why a, _ , = a, + [(n — 1) — 1]d. 
with a “7.” the'sequencea, = 40a, — 7a, — One Cn: @ 
‘ ; (Hint: Enter “=A2-A1” into cell A3.) b. Justify each step in showing that a recursive 
Sa 5, ID, oll, 187, 565; neither; There is equation for the sequence is a, = a, _, + d. 
no common difference or common 


ree S4. HOW DO YOU SEE IT? Consider Squares 1-6 in a, =a, + (n— Id ——e) 


the claerar =a, + [(n- 1) + 0d | 
56-67. See Additional Answers. 
=a,t+{a-1-1+\¢ je 
=a,+[(@-1)-)+1"¥ ii 
oat =a+[a-b-ld+¢ 
Mini-Assessment a! 
| 2/ { = a, =) td ——— | 
. Write the first six terms of the 
Th hth , $8. MAKING AN ARGUMENT Your friend claims that 
sequence. Then graph the sequence. the seauencs 
a, = 0, ad, — 4a, 4 + 6 a. Write a sequence in which each term a,, is the ' =§,5, =—9,5,—Siese 
side length of square n. 
0.6. 12, 18, 24 30 cannot be represented by a recursive rule. Is your 
ik pas allemaal b. What is the name of this sequence? What is the friend correct? Explain. 


next term of this sequence? 
c. Use the term in part (b) to add another square to S9. PROBLEM SOLVING Write a recursive rule for 


the diagram and extend the spiral. the sequence. 


By, fio 11S), SIL GBs, 3&5 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Simplify the expression. (Skills Review Handbook) 
(0, Shp se |[ese 61 os by — 14 GP, 2igh—= Ff = shel (eh 8) Spar iil 


. Write a recursive rule for the 
sequence 0.5, 4, 32, 256, 2048, .... 
a, = 0.5,a, = 8a 

. Write an explicit rule for the 
recursive rule. 

= =3,d,=4,24 7 5 
= oi) = 

. Write a recursive rule for the 
explicit rule. 

= 150 
ay = copa eae 


Write a linear function f with the given values. (Section 4.2) 


64. f(2)=6,f(-1) = -3 6S. f(—2) = 0, f(6) = — 
Cs 3) = Si) = 5 67. f(3) = -—Lf(-4) = - 


n=l 
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If students need help... If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B ¢ Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


. Use the sequence shown. 


4G, 6, 25), 4), OB, <0 
a. Write a recursive rule for the 
sequence. 
,=/,a= 4, 
An = 4y-2 TF An] 


Student Journal 
© Practice 


Differentiating the Lesson 
Skills Review Handbook 


Start the next Section 


. Write the next three terms of the 
sequence. 107, 173, 280 
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6.5-6.6 What Did You Learn? 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Core Vocabulary 


Interactive Whiteboard Lesson Library 


geometric sequence, p. 3/2 explicit rule, p. 320 Dynamic Classroom with Dynamic Investigations 
common ratio, p. 3/2 recursive rule, p. 320 
ic Sen e aeee i ANSWERS 
z 1. Sample answer: Use the function 

Core Concepts from part (a) to calculate the number 

of squares for the tenth figure in 
Section 6.5 part (b) without determining the 
Geometric Sequence, p. 3/2 number of squares in the fourth 
Equation for a Geometric Sequence, p. 3/4 through ninth figures 
Section 6.6 2. Sample answer: Parts of a hand 
Recursive Equation for an Arithmetic Sequence, p. 320 can be conveniently measured in 


Recursive Equation for a Geomctric Sequence, p. 320 : : 
. “ B centimeters, so a 30-centimeter ruler 


is an appropriate tool to use. 


Mathematical Thinking 


1. Explain how writing a function in Exercise 39 part (a) on page 317 created a shortcut for 
answering part (b). 


2. How did you choose an appropriate tool in Exercise 52 part (b) on page 325? 


poco ttt cree Performance Task - - - - 


The New Car 


t 
I 

I 

I 

; There is so much more to buying a new car than the 

} purchase price. Interest rates, depreciation, and inflation 
| are all factors. So, what is the real cost of your new car? 
I 
I 
I 
I 
I 
' 


To explore the answer to this question and more, Bia e 
go to BigideasMath.com. ea i 
acing : 
lee! 
a 327 
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ANSWERS 


1. 


2. 


328 


not a real number 


Chapter 6 


328 


@ Ch a pter Revi ew Dynamic Solutlons available at BigideasMath.com 


Properties of Exponents (pp. 277-284) 


-4 
Simplify (7) . Write your answer using only positive exponents. 


= Power of a Quotient P 
| (7) =a ‘ower of a Quotient Property 
4 
= aa Definition of negative exponent 
= =e Simplify. 
| Simplify the expression. Write your answer using only positive exponents. 
a x 2x2)? 
Bey-5 se 
| an = cease « (FF 


6.2 | Radicals and Rational Exponents (pp. 285-290) 


‘ 


Evaluate 51214, 


51218 = W512 Rewrite the expression in radical form. 
= V8 +8 -8 Rewrite the expression showing factors. 
= 8 Evaluate the cube root. 


Evaluate the expression. 


5. V8 6. V—243 7. 62534 8. (—25)!2 


Exponential Functions (pp. 297-298) 


Graph f(x) = 9(3)*. Compare the graph to the graph of the parent function. Identify the y-intercepts and 
asymptotes of the graphs. Describe the domain and range of f- 


Step 1 Make a table of values. 80 


Mef-2}-1} of 1] 2] a 


me 1 | 3 | 9 | 27 | a 
‘s sete : 40 


f(x) = 


a 


| 
| Step 2 Plot the ordered pairs. 
| Step 3 Draw a smooth curve through the points. 


> The parent function is g(x) = 3*. The graph of fis a vertical stretch by a factor of 9 of the graph of 
g. The y-intercept of the graph of f, 9, is above the y-intercept of the graph of g, 1. The x-axis is an 
asymptote of both the graphs of fand g. From the graph of f, you can see that the domain is all real 
| numbers and the range is y > 0. 
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14, 


15. 


16. 
17. 
18. 


19. 


20. 


exponential decay; As x increases by 1, y is c. 
multiplied by . 


Graph the function. Compare the graph to the graph of the parent function. Identify the 
y-intercepts and asymptotes of the graphs. Describe the domain and range of f. 


9. f(x) = —4(1}* 10. fi) =2B) 


11. Graph f(x) = 2*~ 4 ~ 3. Identify the asymptote. Describe the domain and range. 


ee 
12. Use the table shown. (a) Use a graphing calculator to find an exponential function that fits the 
data. Then plot the data and graph the function in the same viewing window. (b) Identify and 
interpret the correlation coefficient. 


Exponential Growth and Decay (pp. 299-308) 


The function f(x) = 75(0.5)*!° represents the amount (in milligrams) of a radioactive substance 
remaining after x days. Rewrite the function in the form f(x) = ab* to determine whether it represents 
exponential growth or exponential decay. Identify the initial amount and interpret the growth factor or 
decay factor. 


fx) = 750.5)" 
— 75(0,51/10) 
= 75(0.93 


Write the function. 
Power of a Power Property 
Evaluate the power. 


The function is of the form y = a(1 — r)', where 1 — r < 1, so it represents exponential decay. 
The initial amount is 75 milligrams, and the decay factor of 0.93 means that about 93% of the 
radioactive substance remains after each day. 


Determine whether the table represents an exponential growth function, an exponential decay 
function, or neither. Explain. 


13. iia 


15. The function y = 1.75(1,02)! represents the value y (in dollars) of a share of stock after t days. 
Determine whether the function represents exponential growth or exponential decay. \dentify the 
initial amount and interpret the growth factor or decay factor. 


Rewrite the function in the form f(x) = ab* to determine whether it represents exponential 
growth or exponential decay. 


16. f(x) = 4(1.25)**3 17. fd) = (1.06)®* 18. fix) = 6(0.84) ~ 4 
19. You deposit $750 in a savings account that earns 5% annual interest compounded quarterly. 
(a) Write a function that represents the balance after ¢ years. (b) What is the balance of the 


account after 4 years? 


20. The value of a TV is $1500. Its value decreases by 14% each year. (a) Write a function that 
represents the value y (in dollars) of the TV after ¢ years. (b) Find the approximate monthly 
percent decrease in value. (c) Graph the function from part (a). Identify and interpret any 
asymptotes of the graph. (d) Estimate the value of the TV after 3 years. 


Chapter 6 
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Hae SER ees 


exponential growth; $1.75; The value of the 
stock increases by 2% each day. 


f@) = 7.81.25)", exponential growth; 25% 
{(@) = 1.59*, exponential growth; 59% 
F(x) = 12.05(0.84)*, exponential decay; 


16% 
a. y = 750(1.0125)* 
b. $914.92 


a. y = 1500(0.86)! 
b. about 1.2% 


d. 


ty = 15 0.86)'| 


ae 
i II 


Balance (dollars) 


asymptote: y = 0; The value of the TV 
approaches but never equals $0. 


about $950 


ANSWERS 
9. 


The graph of fis a vertical stretch by 
a factor of 3 and a reflection in the 
x-axis of the graph of g(x) = (ar 
The y-intercept of the graph of f, —4, 
is below the y-intercept of the graph 
of g, 1. The x-axis is the asymptote 
of both the graphs of fand g; 
domain: all real numbers, range: 
y<0 


The graph of fis a vertical stretch by 
a factor of 2 of the graph of 

g(x) = 3%. The y-intercept of the 
graph of f, 2, is above the y-intercept 
of the graph of g, 1. The x-axis is the 
asymptote of both the graphs of f and 
g; domain: all real numbers, range: 
y>0o0 


asymptote: y = —3; domain: all real 
numbers, range: y> —3 
12. a. y=211(0.5¥ 
220 


) 5 
0 
b. 7+ = —0.996; The relationship 
between x and y has a strong 
negative correlation and the 
equation closely models the data. 


13. exponential growth; As x increases by 
1, yis multiplied by 2. 
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ANSWERS 


21. geometric; There is a common ratio 
of 4; 768, 3072, 12,288 


ak ee ee 6.5 | Geometric Sequences (pp. 377-378) 
16,000 ae . a Write the next three terms of the geometric sequence 2, 6, 18, 54,.. .. 
Sercon G, 12,288), 3 i Use a table to organize the terms and extend the sequence. 


3000 Position 1 2 3 | 4 | 5 


| Term 2 6 ig | 54 | 162 486 | 1458 


4000 " 
( ; i SSA SO IEA SORE A Multiply a term 
Each term is 3 times the previous ’ | 
i. $= x x3 x3 oS j 
a ae term. So, the common ratiois3, | a3 : 2 by 3 to find the 


next term. 


99) HEMET IE neNeN a Ganon P The next three terms are 162, 486, and 1458. 


ratio nor a common difference. Decide whether the sequence is arithmetic, geometric, or neither. Explain your reasoning. If the 
23. perme There is a common ratio sequence is geometric, write the next three terms and graph the sequence. 
Sf 243s (248 102 22, SOP 827, 36a, 23,375, 75, 5am 
5° 5? 25° 125 


Write an equation for the nth term of the geometric sequence. Then find ag. 


24. 1,4, 16, 64.... CA 2; S110, 205 SA) 0.6 3 26. 486, 162, 54, 18,... 


Recursively Defined Sequences (pp. 319-326} 


Write a recursive rule for the sequence 5, 12, 19, 26, 33,.... 


Use a table to organize the terms 
and find the pattern. 


Position, n 1 | 2 | 3 [ 4 5 
| 


Term, a, 1 | 5 
24. a, = 4" |; 65,536 


25. a, = 5(—2)"~!; 1280 | 
26 = 486(} i) =i | The sequence is arithmetic, with first term a, = 5 and common difference d = 7. 


27 
27. 4,9, 14, 19, 24, 29 


y= Gao y ar al Recursive equation for an arithmetic sequence 


=a,_,+7 Substitute 7 for d, 


a, 


P So, a recursive rule for the sequence is a, = 5,4, = a,_,+ 7. 


Write the first six terms of the sequence. Then graph the sequence. 


By Oy = 4G, = yoy * S 28. a,=—4,a,=—34,_, 29. a, = 32,4, =4a,- 


Write a recursive rule for the sequence. 


SOM Sa Sale aleaZoue EM, Sil, WA, Ba AE oc BY, Ws (0y Meh, WO BP, aon 0 


33. The first term of a sequence is 8. Each term of the sequence is 5 times the preceding term. Graph 
Me, al, WA, —3O, MOS, = 224, G72 the first four terms of the sequence. Write a recursive rule and an explicit rule for the sequence. 
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4 4n 
= Sa, =jatn = 8(5)" 7 
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ANSWERS 


Ilo = 2 
Evaluate the expression. 2. 3 
i —V16 2. 72916 3. (—32)"5 3. — 128 
4. zi/20 
Simplify the expression. Write your answer using only positive exponents. 5, ie 
- -3 
A. zol4 . 23/5 5 oO z we 6. eal 6 es 
a@p-8 5 . 8cl2 
= ne 
Write and graph a function that represents the situation. 7. y 42,500(1.03) 
7. Your starting annual salary of $42,500 increases by 3% each year. Salary 
8. You deposit $500 in an account that earns 6.5% annual interest compounded yearly. e oe 
© 60. | 
Q 525 fe a 
Write an explicit rule and a recursive rule for the sequence. =o 45:0 |b ae NO 
Cc i 
ae = % 37.5 a ¥ = 42,500(1.03)* | 
— RRR | BRE $3008 2 
: oe 2 Let | 
fa, | -6 | 8 | 22 | 36 | 4n | 400 | 100 | 25 | 6.25 | = 225 
ignaoe > 15.0 
S 7.5 es 
11. Graph f(x) = 2(6)*. Compare the graph to the graph of g(x) = 6*. Identify the y-intercepts a Ue 1D ams GT ae 


and asymptotes of the graphs. Describe the domain and range of f. os 


12. The function y = ab‘ represents the population y (in millions of people) of a country me . 
after ¢ years. Choose values of a and 6 so that the population is initially 13 million people, 8. y = 500(1.065) 
but is below 10 million people after 3 years. Deposit Account 


Use the equation to complete the statement “a 5” with the symbol <, >, or =. 


Do not attempt to solve the equation. 7) 
© ! 
SM = 5-3 1 9-b = ed le ee 9 
13. = 5 14, 97-9 1 SB 500 et 
€ 400} jy = 500(1.065)* |: - 
15. The first two terms of a sequence are a, = 3 and a, = —12. Let a; be the third term when SIN 00 ere 
the sequence is arithmetic and let 5; be the third term when the sequence is geometric. 5 200 | 
Find a; — bg. 


16. At sea level, Earth’s atmosphere exerts a pressure of ] atmosphere. Atmospheric pressure 
P (in atmospheres) decreases with altitude. It can be modeled by P = (0.99988)*, where a 
is the altitude (in meters). 


a. Identify the initial amount, decay factor, and decay rate. 


b. Use a graphing calculator to graph the function. Use the graph to estimate the 
atmospheric pressure at an altitude of 5000 feet. 


17. You follow the training schedule from your coach. 


| 
Training On Your Own 


a. Write an explicit rule and a recursive rule for the 


geometric sequence. | Day: Runt km. 
b. On what day do you run approximately 3 kilometers? Each day after Day. Run 20% farther 


| than the previous Gay. 
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lf students need help... If students got it... The graph of fis a vertical stretch by 
Sie ERED T SD a wee —— a factor of 2 of the graph of 
Lesson Tutorials Resources by Chapter g(x) = 6°. The y-intercept of the 
e Enrichment and Extension graph of f, 2, is above the y-intercept 
¢ Cumulative Review of the graph of g, 1. The x-axis is the 
: ; y i asymptote of both the graphs f and g; 
Skills Review Handbook Performance Task domain: all real numbers, range: 
a 
: ; y>O 
BigideasMath.com Start the next Section Te oop = 00 
3, << 


14. = 
15-17. See Additional Answers. 
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ANSWERS fy Standards Assessment 


Il, JD 
2 3 
ab IF 
Ae 1. Which graph represents the function f(x) = —3*? (TEKS A.9.D) 
5B G 


@ A ® B 
Ore O) 


2. GRIDDED ANSWER What number should you use to complete the expression so that 
the statement is true? (TEKS A.11.B) 


Which symbol should you use to complete Inequality 2 so that the system of linear 
inequalities has no solution? (TEKS A.3.H) 


Inequality 1 y — 2x <4 
Inequality 2 6x-—3y 12 


® «< @ > 
QD = 


cS) 


4. The second term of a sequence is 7, Each term of the sequence is 10 more than the 
preceding term. Which equation gives the nth term of the sequence? (TEKS A.12.D) 


@ «a,= —3n +13 Gi, = p= i} 
© a, = 10n — 3 @®) a,=10n+7 
Which statement is true about the function f(x) = —2(9? (TEKS A.9.A) 


(F) The domain is x < 0. The range is y < 0. 
©) The domain is all real numbers. The range is y < 0. 
CH) The domain is all real numbers. The range is y > 0. 


G) The domain is all real numbers. The range is all real numbers. 
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ANSWERS 


G © 
Teerll 
ee: : 8. A 
6. For 10 years, the population of a city increases in a pattern that is approximately 
exponential. Using exponential regression, you fit the function p(t) = 15(1.064)! to the O), JF 


population data, where p is the population (in thousands) of the city in year ¢, What is a 
reasonable prediction for the future population of the city? (TEKS A.9.E) 


et 


(AD The population will be under 7000 in Year 12. 
The population will be over 40,000 in Year 15. 
(©) The population will be under 50,000 in Year 18. 
@) The population will be over 300,000 by Year 20. 


7. Which equation represents the line that passes through the two points shown? (TEKS A.2.B) 
w= Sx = 3 


ee 23 
5a: 


Sa ie ae 2 


9869 


-2x+5y=7 


©), The graph shows the value of a business over time. a UAIURIOAIE Ge neat = 
Which equation models the value v (in dollars) of Se = 
the business over time f(in years)? (TEKS A.9.C) = y 
6 
= 160,000 
( v= 15,000(1.30)' & (0, 15,000) 
Pa /(1, 19,500) 
G) v= 15,000(0.70)' S$ 80,000) /-<y a 
oO 
> 
i t 
CH) v = 15,000(0.50) or 5 r : ar 
GQ) v= 15,000(0.30)' Time (years) 
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a Opener/ 


Mathematical Thinking 1 Day 

Section 1 2 Days 
Section 2 2 Days 
Section 3 2 Days 
Section 4 2 Days 


Section 5 
Quiz 

Section 6 
Section 7 
Section 8 
Section 9 


Chapter Review/ 
Chapter Tests 


Total Chapter 7 


Year-to-Date 121 Days 


Texas Essential 
Knowledge and Skills 
Summary 


Section | 

71 AAOA 
72 | Al0.8, A10.D . 
— 


7 

76 | ABA, AIOE 

77 ABA,AI0.D, AIOE 
Scum “ABA, A AAO.E, AO. on 


7.9 A10.D,A.10.E 
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——e 


Game Reserve (p. 380) 


Gateway Arch (p. 368, 
Framing a Photo (p. 350) M gee 


. 2 
Mathematical Thinking: Mathematically proficient studeuts cau apply the mathematies they kuow to solve ees 
arising in ev eryday life, society, aud the workplace. ; 


a 


For an overview of this chapter, formative assessment tips, and teaching strategies, 
see Laurie’s Notes at BigideasMath.com. 


Maintaining Mathematical Proficiency 


Simplifying Algebraic Expressions (6.7.) 


Example 1 Simplify 6x + 5 ~ 3x — 4. 


6x + 5—3x-4=6x-3x+5-4 


Commutative Property of Addition 
ae 


Distributive Property 


=(6-3)x+5-4 


= Sqr II Simplify, 


Example 2 Simplify —8(y — 3) + 2y. 


80 


80) 


(—8)(3) + 2y Distributive Property 


= —8y + 24 + 2y Multiply, 


= Shy se Dy ap a Commutative Property of Addition 


=(-8 + 2)y + 24 Distributive Property 


= —6y + 24 Simplify. 


Simplify the expression. 


‘ts Che = Tsp ee 


Be GP sip = Bp = II So Sear l= R= ab <b GP 


4, Se = Ise S 


2 B= WS = 7) 6. 4(h + 6) - (A— 2) 


Writing Prime Factorizations (6.7.4) 


Example 3 Write the prime factorization of 42. 


Make a factor tree. 


p> The prime factorization of 42 is 2 +3 +7, 


Write the prime factorization of the number. 


7. 36 


8. 63 9. S4 


10. 72 


‘ils 2s en 310 


13. ABSTRACT REASONING Is it possible for two integers to have the same prime factorization? 
Explain your reasoning. 


Dynamic Solutions available at BigideasMath.com 


For suggestions on Maintaining Mathematical Proficiency in your classroom, 
see Laurie’s Notes at BigideasMath.com. 


Vocabulary..Review. 


Have students make Concept Circles for the following topics. 


¢ Using Properties to Simplify Algebraic Expressions 
¢ Writing Prime Factorizations of Numbers 


Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Too! 


Interactive Whiteboard Lesson Library = 


Dynamic Classroom with Dynamic Investigations 


Real-Life STEM Videos 


a 


Texas Essential 
~ Knowledge and Skills 


6.7.D The student is expected to 
generate equivalent expressions using the 
properties of operations: inverse, identity, 
commutative, associative, and distributive 
properties. 

6.7.A The student is expected to 
generate equivalent numerical expressions 
using order of operations, including 

whole number exponents and prime 
factorization. 


ANSWERS 

5 Se 7 

=F ar 5) 

Ak 

35 4b 2 

Oi = 2) 

3h + 26 

Do 

BP oF 

6 3 

we 3 BY 

Be OY 

2°35 

no; The product of any factorization 
is a unique number. 


so Eo SS So = ie iS 


— = = = 
SS eS 
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MONITORING PROGRESS 
ANSWERS 


CPN An ewne 


336 


Bee = ae Il 
32 se 3 
aie = Dy; 
el 
ee D) 
=o 
—x?2 + 2x 
9 

2x2 
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M ath em ati C a | | Mathematically proficient students select tools, including real objects, 


. _ manipulatives, paper and pencil, and technology as appropriate, and 
Th In kin 9 techniques, including mental math, estimation, and number sense as 
Using Models 


appropriate, to solve problems. (A.1.C) 
G) Core Concept 


Using Algebra Tiles 


When solving a problem, it can be helpful to use a model. For instance, you 
can use algebra tiles to model algebraic expressions and operations with 
algebraic expressions. 


x -1 x -x we —x2 
EXAMPLE 1 Writing Expressions Modeled by Algebra Tiles 


Write the algebraic expression modeled by the algebra tiles. 


BU: B: 
HS) # 


SOLUTION 
a. The algebraic expression is x. 
b. The algebraic expression is 3x + 4. 


ce. The algebraic expression is x2 — x + 2. 


Monitoring Progress 


Write the algebraic expression modeled by the algebra tiles. 
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Student Journal 


¢ Maintaining Mathematical Hea SEMIS a eae ets MEMEO 


Lesson Tutorials Sai: uns next Section 


“Skills Review Haadeane 


Adding and Subtracting Polynomials 


Essential Question How can you add and subtract polynomials? 
TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


“EXPLORATION 1 


Adding Polynomials 


AA0.A 

Work with a partner. Write the expression modeled by the algebra tiles in each step. 
Step 1 1] be ~~ Gxt 24-5) | 
my sooo Lemmieaienel 
Step 3 LEE fe) NE les ee 
4 gags" etn hh Le 
DRO) VNile)\a Subtracting Polynomials 

Work with a partner. Write the expression modeled by the algebra tiles in each step. 
"1 -) Ci 4 2 c , —— 
Step 2 +) +) a sent re " 

= b=: UJ 

‘i mies” — 
Step 4 _— i” arr, rh 

Step 5 Y gerne" 

REASONING g3° 
To be proficient in math, 


you need to represent 
a given situation 
using symbols. 


al Your Answer 


3. How can you add and subtract polynomials? 
4. Use your methods in Question 3 to find each sum or difference. 
a. G? +2x-1)+ @?-2r4 1) b. 
ce. (x? + 2) — (3x2 + 2x + 5) d. 


(Alea) 
(2x — 3x) — @@? — 2x + 4) 


Section 7.1 Adding and Subtracting Polynomials 337 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 


A.10.A The student is expected to add 
and subtract polynomials of degree one 
and degree two. 


ANSWERS 

Il, 4p sp 2 = Sedise sp (2 — DB) == Bp 
dlge = 3) 

2. (2 + 2x + 2) + (—x + 1); 
x24+2x—x+ 3: 
e+xt+a-—x $3322 +243 

3. Add or subtract like terms. 

4. a. 332 
1), Seer fi 
C2 
Gl, se? 4b ie = al 
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Extra Example 1 


Find the degree of each monomial. 


a. 2x 


The degree of the monomial is 1. 


b. ax2y? 


The degree of the monomial is 4. 


Cay, 


The degree of the monomial is 3. 


deeb 


The degree of the monomial is 0. 


MONITORING PROGRESS 


ANSWERS 


4 
5 
] 
0) 


ayy = 


338 
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What You Will Learn 


» Find the degrees of monomials. 
P Classify polynomials. 
Gore Vocabulary. Pm Add and subtract polynomials. 
monomial, p. 338 Pm Solve real-life problems. 


degree of a monomial, p. 338 


lynomial, p. 339 : 
ce eee Finding the Degrees of Monomials 


trinomial, p. 339 A monomial is a number, a variable, or the product of a number and one or more 
degree of a polynomial, p. 339 variables with whole number exponents. 


standard form, p. 339 The degree of a monom 
leading coefficient, p. 339 


ial is the sum of the exponents of the variables in the 
monomial. The degree of a nonzero constant term is 0. The constant 0 does not have 


closed, p. 340 a degree. 
; 
- Nota 
Monomial Degree - Reason 
monomial 
L : | 
10 0 Siar 38 A sum is not a monomial. 
abae 
i b 
{ A monomial cannot have a 
3x il = ; ‘ : 
n variable in the denominator. 
pp ee: ie A monomial cannot have a 
: ce variable exponent. 
5 i The variable must have a whole 
— 1.8m 3) 55 
number exponent. i 


"EXAMPLE 1 


Finding the Degrees of Monomials 
Find the degree of each monomial. 
a, See b. —txy3 c. 8x33 d. —3 


SOLUTION 
a. The exponent of x is 2. 


P So, the degree of the monomial is 2. 


b. The exponent of x is 1, and the exponent of y is 3. 


> So, the degree of the monomial is 1 + 3, or 4. 


c. The exponent of x is 3, and the exponent of y is 3. 


> So, the degree of the monomial is 3 + 3, or 6. 


d. You can rewrite —3 as —3x®, 


P So, the degree of the monomial is 0. 
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Find the degree of the monomial. 


1. —3x4 2. 73d? EL, Shy 4. —20.5 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


SUPPORTING English Language Learners 


| Present the information about Finding the Degrees of Monomials and Example 1 orally. Have 
| students work in pairs and collaborate with one another to complete Monitoring Progress. Remind 
| students to refer to Example 1 as a guide for their work. 


Beginning/Advanced Advanced students clarify information for beginners as they work through 
the Monitoring Progress questions together. 
Intermediate/Advanced High Students clarify information for one another as needed. 


ELPS 2.1.4 Demonstrate listening comprehension of increasingly complex spoken English by 
| collaborating with peers commensurate with content and grade-level needs. 


Classifying Pol i 
assifying Polynomials Extra Example 2 


@ Core Concept | Write —8 + 9x? — 2x in standard form. 
Polynomials Identify the degree and leading coefficient 
A polynomial is a monomial or a sum of monomials. Each monomial is called a of the polynomial. 
tern: of the polynomial. A polynomial with two terms is a binomial. A polynomial standard form: 9x2 — 2x — ee degree of 


with three terms is a 5 : ane 
polynomial: 2; leading coefficient: 9 


Binomial Trinomial 
Say ae 2 x. se ae Si ab 2 
The degree of a polynomial is the greatest degree of its terms. A polynomial in Extra Example 3 
one variable is in when the exponents of the terms decrease from 
left to right. When you write a polynomial in standard form, the coefficient of the 
first term is the i 


Write each polynomial in standard form. 
Identify the degree and classify each 


leading coefficient. 
polynomial by the number of terms. 
eee 7 nl eal a. 3 + 7a? standard form: 7a? + 3; 


Di aa degree: 2; type: binomial 
bo =b -: 2b" + 6b 


2 Writing a Polynomial in Standard Form standard form: 264 — b2 + 6b; 
Write 15x — x3 + 3 in standard form. Identify the degree and leading coefficient of degree: 4; type: trinomial 
h ial. 
me polyoouse c. 12¢5 standard form: 12c>; degree: 5; 
SOLUTION type: monomial 
Consider the degree of each term of the polynomial. 
MONITORING PROGRESS 


Ise 843 ANSWERS 
a , §. —9z+ 4: 1; —9; binomial 
P You can write the polynomial in standard form as —x3 + 15x + 3. The greatest 3 > aie are : 
degree is 3, so the degree of the polynomial is 3, and the leading coefficient is — 1. 6. ames 101; 3, — 1; trinomial 
7. x3 + 2.8x: 3: 1; binomial 


PONVeeem Classifying Polynomials 


Write each polynomial in standard form. Identify the degree aud classify each 
polynomial by the number of terms. 


i Se ly al se Sa! ae c. 8g + @ 
SOLUTION 

Polynomial Standard Form Degree Type of Polynomial 
A, =e =a 4 monomial 
li, 4 te Si? = 5x*@—x +4 D) trinomial 
Gy tb ap gt 8q 5 binomial 
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Write the polynomial in standard form. Identify the degree and leading 
coefficient of the polynomial. Then classify the polynomial by the number 
of terms. 


B d= Oe 6. 2 —P — 10t 7. 2.8x + 3 
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Notebook Development 
Have students create in their notebooks a polynomial page that includes all the vocabulary words 
on pages 338 and 339. For each word, have students include the definition and an example. 


nae — — —— a | eee 
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Extra Example 4 


Find the sum. 


a. (3x + 4) + (2x + 1) 


5X 


b. (—5Sa2 + a + 2) + (2a2 — a — 9) 


—3a?—7 


Extra Example 5 


Find the diffe 


rence. 


a. Gy 0) — (Gy 2 


= ar 


Ue Se Se 7) ete sec = 


1Gi 4: Ze 


340 


= 6 


Chapter 7 


COMMON ERROR 
Remember to multiply 
each term of the 
polynomial by —1 when 
you write the subtraction 


| as addition. ; 


340 
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Adding and Subtracting Polynomials 


A set of numbers is closed under an operation when the operation performed on any 
two numbers in the set results in a number that is also in the set. For example, the set 
of integers is closed under addition, subtraction, and multiplication. This means that if 
a and b are two integers, then a + b, a — b, and ab are also integers. 


The set of polynomials is closed under addition and subtraction. So, the sum or 
difference of any two polynomials is also a polynomial. 


To add polynomials, add like terms. You can use a vertical or a horizontal format. 


GSINVNRB adding Polynomials 


Find the sum. 
a. (6x + 15) + (8x — 3) b. (x2 + x — 6) + (2 + 4x + 10) 
SOLUTION 
a. Vertical format: Align like terms vertically and add. 
rece IS 
qe eB 
14x + 12 
Pp The sum is 14x + 12. 
b. Horizontal format: Group like terms and simplify. 


(3x2 + x — 6) + (x2 + 4x + 10) = Gr? + x2) + & + 4x) + (—6 + 10) 
= 4x7 + 5x +4 


p> The sumis 4x? + 5x +4. 


To subtract a polynomial, add its opposite. To find the opposite of a polynomial, 
multiply each of its terms by —1. 


EXAMPLE 5 Subtracting Polynomials 


Find the difference. 
a. (4n + 5) — (—2n 4+ 4) b. (4x2 — 3x + 5) — Gx? — x — 8) 
SOLUTION 
a. Vertical format: Align like terms vertically and subtract. 
4n+ 5 4n +5 
— (-2n+4) m@ +2n-4 
6n + 1 


> The difference is 6n + 1. 


b. Horizontal format: Group like terms and simplify. 


(Gixe = Bie 4B Sy) = (GES — se et = SE i a GE eb 
=A a) (3 een) 
= 72—2x+ 13 


> The difference is x2 — 2x + 13. 


Polynomial Equations and Factoring 


STUDY TIP 


When a power of the 
variable appears in one 
polynomial but not the 
other, leave a space in that 
column, or write the term 
with a coefficient of 0. 
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Find the sum or difference. 

iS (a — IO) 42 (a = 3) 
U0 We se Si) = (Oe = a) 


9. (x2 — x —2) + (7x? — x 4+ 8) 
le te se yp se BD) = (alae jae) 


Solving Real-Life Problems 


SeNViduat Solving a Real-Life Problem 


A penny is thrown straight down from 
a height of 200 feet. At the same time, a 
paintbrush is dropped from a height of 
100 feet. The polynomials represent the 
heights (in feet) of the objects after 

t seconds. 


—16t? — 40¢ + 200 J “ 


—16t? + 100 9 * 


Not drawn to scale 


a. Write a polynomial that represents the distance between the penny and the 
paintbrush after ¢ seconds. 


b. Interpret the coefficients of the polynomial in part (a). 


SOLUTION 


a. To find the distance between the objects after ¢ seconds, subtract the polynomials. 


Penny —16? — 401 + 200 —16# — 40 + 200 
Paintbrush — (—167 + 100) » ae GE = jl(010) 
—401 + 100 


} The polynomial —401 + 100 represents the distance between the objects 
after ¢ seconds. 


b. When ¢ = 0, the distance between the objects is —40(0) + 100 = 100 feet. So, the 
constant term 100 represents the distance between the penny and the paintbrush 
when both objects begin to fall. 


As the value of t increases by 1, the value of —40r + 100 decreases by 40. This 
means that the objects become 40 feet closer to each other each second. So, —40 
represents the amount that the distance between the objects changes each second. 
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12. WHAT IF? The polynomial — 16/2 — 25r + 200 represents the height of the penny 
after t seconds. 


a. Write a polynomial that represents the distance between the penny and the 
paintbrush after ¢ seconds. 


b. Interpret the coefficients of the polynomial in part (a). 
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¢ Exit Ticket: Write an example of the sum of a trinomial and a binomial that is a binomial. 
Sample answer: (3x2 — 2x — 4) + (2x — 8) = 3x2 — 12 


Extra Example 6 

Use the information in Example 6. 
Suppose the polynomial —16t? + 75 
represents the height (in feet) of the 
paintbrush after t seconds. 


a. 


Write a polynomial that represents the 
distance between the penny and the 
paintbrush after t seconds. 

10 > 


. Interpret the coefficients of the 


polynomial in part (a). 

The constant term 125 represents the 
distance between the penny and the 
paintbrush when both objects begin to 
fall. The coefficient —40 represents the 
amount that the distance between the 
objects changes each second. 


MONITORING PROGRESS 
ANSWERS 


3) = 3 

Sa = Dy se © 

He ae 1M 

Spee ab Dy 

Pe 0) ae 00) 

b. The constant term 100 indicates 
the distance between the penny 
and the paintbrush is 100 feet 
when they begin to fall. The 
coefficient of the linear term —25 
indicates that the penny and the 
paintbrush become 25 feet closer 
to each other each second. 
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Assignment Guide and 


- Homework Check 


ASSIGNMENT 


Basic: 1—4, 5—41 odd, 53, 56, 57, 


62-64 

Average: 1-4, 6-52 even, 53-57, 
62-64 

Advanced: 1—4, 8, 12, 18-22 even, 
26-52 even, 53-64 


HOMEWORK CHECK 
Basic: 5, 13, 23, 33, 53 


Average: 10, 16, 24, 34, 53 
Advanced: 12, 18, 28, 34, 53 


ANSWERS 


1. 


342 


when the exponents of the terms 
decrease from left to right 

Sample answer: 2x5 — 3x +7 
Determine if performing the 
operation on any two numbers in the 
set always results in a number that is 
also in the set. 

x? — 8*; It is the only one that is not 
a polynomial. 

1 


oe on 


6 

11 

11 

2c4 + 6c? — c; 4; 2; trinomial 
—w!2 + 4w!l; 12; -1; binomial 
3p? + 7; 2; 3; binomial 

—4d3 + 8d — 2; 3; —4; trinomial 
328; 8; 3; monomial 

3 ab DY se Sve dle Sp jimmrayaev el 
—3/8 + 2P + ar; 8; 3; trinomial 
V7n*; 4: V7; monomial 

It is the product of a number, <a, 31. 


and a variable with a whole number 32. 
exponent, 7°; 3 33. 
binomial; 8 34, 
3y + 10 35. 
es 36. 
ie = Sa ab S 

=A = Bp = 17) 

Gg = Og 4p a 

WZ tp p= 7 


a = dae Age 
ose ee ee 
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Exercises 


Lic 


Dynamic Solutions available at BigideasMath.com 


Vocabulary and Core Concept Check 
. VOCABULARY When is a polynomial in one variable in standard form? 


. OPEN-ENDED Write a trinomial in one variable of degree 5 in standard form. 
. VOCABULARY How can you determine whether a set of numbers is closed under an operation? 


. WHICH ONE DOESN'T BELONG? Which expression does not belong with the other three? Explain 
your reasoning. 
x2 — BF 


@+ 4a p= 2! 


7 
= 8 
3 aa 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-12, find the degree of the monomial. 22) 
(See Example 1.) 


MODELING WITH MATHEMATICS The amount of 
money you have after investing $400 for 8 years 
and $600 for 6 years at the same interest rate is 


os 6. 23x! represented by 400x8 + 600x®, where x is the growth 
2 —1.75K2 rans factor. Classify the polynomial by the number of 
‘ as se terms. What is its degree? 
9. s*t 10. 8m?n? In Exercises 23-30, find the sum. (See Example 4.) 
11. 9xy3z7 12. —3q4rs® 23 Oya) aay tO) 


In Exercises 13~20, write the polynomial in standard 24. (—8x— 12) + (9x + 4) 


form. Identify the degree and leading coefficient of the 5 5 
polynomial. Then classify the polynomial by the number Se ee 
of terms. (See Examples 2 and 3.) \ 


Win (Sa? + Sp = 2) (ne = Ga = IS) 
(8, @¢2 4 Be? =e 14, 4y!! — wi2 
27.9G2 2) (Ge 8c 4) 
15. 7 + 3p? 16. 8d-—2- 443 
28. 9r?+ 4r—7) + GP - 3n 
17. 328 18. 5z2+223+4 324 
29: Art 8) Oa? a7 8) 
19, ar? — 3/8 + 275 20. V7n' 
30 (= 2h 9) = 2s 5? 5) 


In Exercises 31-38, find the difference. (See Example 5.) 
(i =o) = (Gai = 1) 


21. MODELING WITH MATHEMATICS The expression Sar 
represents the volume of a sphere with radius x Why 31. 
is this expression a monomial? What is its degree? 


s¥2, (sear 2) = (bese 1) 


33. (y*— 4y + 9) — Gy? — by — 9) 


34. (4m? — m+ 2) — (—3m? + 10in + 4) 


38, (= Wear 2) = (2 = 1D) 


BG, (Si = lO) = (Sapo sr ge? a 7) 
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— Gl = ¢ 
=p 4b 
Sy sp hy ae Ie 
Wai = Mim = 2 


B-R—Tkt 14 
4P — r —8r— 10 


By i = eae 1h) = (= SS = aa 
38. (4d — 6d3 + 3d?) — (10d? + 7d — 2) 


ERROR ANALYSIS In Exercises 39 and 40, describe and 
correct the error in finding the sum or difference. 


ih. 
x (x? + x) — (2x? — 3x) = x? + x — 2x? — Bx 
= (x2 — 2x?) + (x — 3x) 


= —x* — 2x 


x O- 4243 
1p SES pay = 2 


28 +4x2 41 


40. 


41. MODELING WITH MATHEMATICS The cost (in dollars) 
of making b bracelets is represented by 4 + 5b. The 
cost (in dollars) of making b necklaces is represented 
by 8b + 6. Write a polynomial that represents how 
much more it costs to make b necklaces than 
b bracelets. 


42. MODELING WITH MATHEMATICS The number of 
individual memberships at a fitness center in m: months 
is represented by 142 + 12s. The number of family 
memberships at the fitness center in m months is 
represented by 52 + 6m. Write a polynomial that 
represents the total number of memberships at the 
fitness center. 


In Exercises 43-46, find the sum or difference. 
43. (2s? — Sst — P) — (s? + Tst — 7) 

44. (a*— 3ab + 2b) + (—4a? + Sab — b?) 
AG, (2 = Ge) 4 (2 = Aeel ae Ma) 

AG, (=52 4b Gia) = (62 =P Gray = (2) 


REASONING In Exercises 47-50, complete the statement 
with always, sometimes, or never. Explain your 
reasoning. 


47. The terms of a polynomial are monomials. 


Section 7.1 


48. The difference of two trinomials is _ a 
trinemial. 
49. A binomial is a polynomial of degree 2. 


50. The sum of two polynomials is a 
polynomial. 


MODELING WITH MATHEMATICS The polynomial 

—16t? + vot + sp represents the height (in feet) of an 
object, where v, is the initial vertical velocity (in feet per 
second), Sp is the initial height of the object (in feet), and 
tis the time (in seconds). In Exercises 51 and 52, write 

a polynomial that represents the height of the object. 
Then find the height of the object after 1 second. 


51. You throw a water 52. You bounce a tennis 
balloon from a building. ball on a racket. 


Vo =-45 ft/sec Vo = 16 ft/sec 


fe 


bey 


Not drawn to scale 


53. MODELING WITH MATHEMATICS You drop a ball 
from a height of 98 feet. At the same time, your friend 
throws a ball upward. The polynomials represent 
the heights (in feet) of the balls after ¢ seconds. 

(See Example 6.) 


-16t2 + 98 | 


—16t2 + 46t + 6 ff. 


Not drawn to scale 


a. Wnite a polynomial that represents the distance 
between your ball and your friend’s ball after 
t seconds. 


b. Interpret the coefficients of the polynomial in 
part (a). 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
37. f+ 82+ 8-12 


OS. —lléd? + 3d 3a + 2 


39. When writing the subtraction 
as addition, the last term of the 
polynomial was not multiplied 
iony = Il 
a  ) 
= (x2 — 2x2) + @ + 3x) = —2x? + 4x 
40. —4x* and 8x are not like terms, so 
they cannot be added; 


x3 — 4x2 te 3 
+ =3x3 + Se 2 
ee 
As Oe 
42. 194+ 18m 
de 62 = Dey 


44, —3a? + 2ab + b?2 

a). De® = Mewl = Age 

46. —2x2 + 3xy + 8y? 

47. always; A polynomial is a monomial 
or asum of monomials, and 
each monomial is a term of the 
polynomial. 


48. sometimes; If like terms have the 
same coefficient, they will cancel 
when subtracted so the difference will 
have fewer than 3 terms. Or, if the 
terms in the trinomial are not all of 
the same degree, then the difference 
could have more than 3 terms. 


49. sometimes; The two terms in the 
binomial can be of any degree. 

50. always; Polynomials are closed under 
addition. 


51. —16/ — 45¢ + 200; 139 ft 
52. —162+ 16r+ 3:3 ft 
53. a. —46r + 92 


b. The constant term 92 indicates 
that the distance between the two 
balls is 92 feet when they begin. 
The coefficient of the linear term 
—46 indicates that the two balls 
become 46 feet closer to each 
other each second. 
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' 54. MODELING WITH MATHEMATICS During a 7-year 58. THOUGHT PROVOKING Write two polynomials \ 
ANSWERS period, the amounts (in millions of dollars) spent each whose sum is x? and whose difference is }. 
54. a. —0.028 — 0.322 + 1.64 + 59 year on buying new vehicles N and used vehicles U by - a i ni 


United States residents are modeled by the equations 


hh : termine whether the set is close 
b. $55.5 million 59. REASONING D I hether th is closed 
= —0.028P + 0.06r Ll 3 under the given operation. Explain. 
55. 12 3 N 0.0281 + 0.061? + 0.1 17 der the gi ion. Explai 
. 36 
56 Sub h 1 ‘al find U = —0.387 + 1.57 + 42 a. the set of negative integers; multiplication 
. a. ubtract the polynomials to hn ’ 
; ee where ¢ = | represents the first year in the b. the set of whole numbers; addition 
the difference. 7-year period. 
b. The lines intersect, so the vertical a, Write a polynomial that represents the total 60. PROBLEM SOLVING You are building a 
distance is 0; The difference of amount spent each year on buying new and multi-level deck. 
the polynomials evaluated at used vehicles in the 7-year period. 
c= liso. b. How much is spent on buying new and used 
oe : vehicles in the fifth year? 
57. yes; Addition is commutative and u 
associative, so you can add in any 55. MATHEMATICAL CONNECTIONS 
order. Write the polynomial 3x —2 
is i Ry fl in standard form 
SB. gt 9, at 3 that represents 2x 2x +1 
59-64. See Additional Answers. acetic CF 
the quadrilateral. GMs 5 
a. For each level, write a polynomial in standard 
form that represents the area of that level. Then 
56. HOW DO YOU SEE IT? The right side of the equation wre ne po yeou ia) ie ee 
of each line is a polynomial. represents the total area of the deck. 
b. What is the total area of the deck when x = 20? 
1. Find the degree of the monomial c. A gallon of deck sealant covers 400 square feet. 
ge How many gallons of sealant do you need to cover 
| sy | the deck in part (b) once? Explain. 
A aff 3) — oD 
2. inne the polynomial : xo + ax 61. PROBLEM SOLVING A hotel installs a new swimming 
in standard form. Identify the pool and a new hot tub. 
degree and classify the polynomial (8x ~ 10) tt \ 
by the number of terms. T iat 
standard form: —x2 + 2x — 8; 2x ft 
degree: De type: trinomial a. Explain how you can use the polynomials to find | (6x — 14) ft 
the vertical distance between points on the lines = 
Find the sum or difference. with the same x-value. 
3 (6n2 aL Wp) ae 3) ale (—5n2 = Ane 7) b. What do you know about the vertical distance 
7 when x = 1? How does this relate to your answer 
Re = Ln = & in part (a)? 
— a. Write the polynomial in standard form that 
A (Ay se 7) = (4x = 7) represents the area of the patio. 
aafiipedl. 4|Al 57. MAKING AN ARGUMENT Your friend says that when b. The patio will cost $10 per square foot. Determine 


. Aball is thrown straight down from 


a height of 300 feet. At the same 
time, a quarter is dropped from a 
height of 150 feet. The polynomials 
represent the heights (in feet) of 
the objects after t seconds. 
Ball: —16t2 — 50t + 300 
Quarter: —16f2 + 150 


a. Write a polynomial that 
represents the distance between 
the ball and the quarter after 
tseconds. —50t + 150 
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adding polynomials, the order in which you add does 
not matter. Is your friend correct? Explain. 


the cost of the patio when x = 9. 


Ma intaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Simplify the expression. (Skills Review Handbook) 


Gel, PGs Wisp 2iGe ap 2) 
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63. 8(4y — 3) + 24 — 5) 


64. 5@r+ 1) —3(-4r + 2) 


if students need help... If students got it... 


Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 


. Interpret the coefficients of 
the polynomial in part (a). The 
constant term 150 represents 
the distance between the 
ball and the quarter when 
both objects begin to fall. The 
coefficient —50 represents 
the amount that the distance 
between the objects changes 
each second. 


Resources by Chapter 
© Practice A and Practice B 
© Puzzle Time 


Student Journal 


‘ Start the next Section 
e Practice 


deve =: 


Differentiating the Lesson 
Skills Review Handbook 
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Multiplying Polynomials | 


Essential Question How can you multiply two polynomials? 
+9 TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS “4 ie eee . ' ; 
A108 PEO NO\m@ Multiplying Monomials Using Algebra Tiles 


oe Work with a partner. Write each product. Explain your reasoning. 
a®- o-oo oe — 
7.@°@= — dp: s=- 
REASONING e. GB - B= 7a .p- a= — 

To be proficient in 

math, you need to : GB-O@- .a-p- 

reason abstractly and 

quantitatively. You need i ee: &a- ;ia@-GR- 


to pause as needed to 
recall the meanings of the 


symbols, operations, and EXPLORATION 2 Multiplying Binomials Using Algebra Tiles 


quantities involved. 
—> Work with a partner. Write the product of two binomials modeled by each 
rectangular array of algebra tiles. In parts (c) and (qd), first draw the rectangular 
array of algebra tiles that models each product. 


a o+30-2)=- ee b. (x — DQx+ 1) =e 


c. (c+ 2)2x— 1) =I. (—x — 2) - 3) = 


Communicate Your Answer 


3. How can you multiply two polynomials? 


4. Give another example of multiplying two binomials using algebra tiles that is 
similar to those in Exploration 2. 
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For a section overview and insights into this Exploration page, 
see Laurie's Notes at BigideasMath.com. 


| SUPPORTING English Language Learners 


Have students work in pairs to complete the explorations and Communicate Your Answer. When 
| they have finished, ask them to explain aloud their reasoning for each part in Exploration 1. Then 
/ ask aloud the Communicate Your Answer questions. 


Beginning Use simple phrases to answer and demonstrate visually when possible. 
Intermediate Use simple sentences to answer. 
| Advanced/Advanced High Explain answers using multiple complex sentences. 


ELPS 2.1.3 Demonstrate listening comprehension of increasingly complex spoken English by | 
responding to questions and requests commensurate with content and grade-level needs. 


r) 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Too} 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


? 


Texas Essential 
Knowledge and Skills 


A.10.B The student is expected to 
multiply polynomials of degree one and 
degree two. 


A.10.D The student is expected to rewrite 
polynomial expressions of degree one and 
degree two in equivalent forms using the 
distributive property. 


ANSWERS 
1. a. 1; The product of | and 1 is 1. 

b. —1; The product of 1 and —1 
iSite 

c. 1; The product of —1 and —1 is 1. 

d. x; The product of any number and 
1 is that number. 

e. —x; The product of any number 
and —1 is the opposite of that 
number. 

f. —x; The product of any number 
and | is that number. 

g. x; The product of the opposite of 
a number and — |] is the number. 

h. x; The product of any number 
multiplied by itself is the number 
squared. 

i. —x?; The product of any number 
and its opposite is the opposite of 
the number squared. 

j. x?; The product of any number 
multiplied by itself is the number 
squared. 

By A, BEE = © 
ID ee = | 
| ___) ___] 
a+) Jl 
+3 De 
Digs se Be = 2 

d. 


ea-1) 


Bae 


EEE 


—x2 +x +6 


3-4. See Additional Answers. 
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Extra Example 1 

a. Find (x + 8)(x + 2). 
x2 + 10x + 16 

b. Find (x — 5)(x + 1). 
x2 — 4x —5 


Extra Example 2 
Find (2x + 3)(x — 3). 
2 a 


MONITORING PROGRESS 
ANSWERS 

ay te Sap se al 

2442-12 

pe = So — DA 

Dye — Np ae S 


po ES ee 
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What You Will Learn 


> Multiply binomials. 
P Use the FOIL Method. 


Gore Vocabulary. > Multiply binomials and trinomials. 


FOIL Method, p. 347 


Previous Multiplying Binomials 
polynomial 


ae The product of two polynomials is always a polynomial. So, like the set of integers, 
close 


: ; the set of polynomials is closed under multiplication. You can use the Distributive 
binomial Property to multiply two binomials. 


trinomial 
TS7N\ i Jtakme = Multiplying Binomials Using the 
Distributive Property 


Find (a) (x + 2)(x + 5) and (b) & + 3) — 4). 


SOLUTION 


a. Use the horizontal method. a 


Distribute (x + 5) to each 


Gear CATO? SF 3) = saGe ar Sy ae SAGY ar 5) termonO a 


== 5.169) ap ad) ae XCD) ae AAG) Distributive Property 
Sy ab Se ae De te 10) Multiply. 
=x?2+ 7x + 10 Combine like terms. 


> The product is x? + 7x + 10. 


b. Use the vertical method. soap 3) 
x ga a Align like terms vertically. 
se ne 4, —12 Distributive Property 
ie Sb hs Distributive Property 


Multiply x(x + 3). 
x2~x—12 Combine like terms. 


p> The product is x? — x — 12. f 


eV tSM Multiplying Binomials Using a Table 


ing i(2b—eS) Caer) 
SOLUTION 


Step 1 Write each binomial as a sum of terms. 


Gr Dee 5) = (ee 5) aes 


eee ee, 
Step 2 Make a table of products. x | 2 3x 


p> The product is 2x2 — 3x + 10x — 15, or 2x2 + 7x — 15. _ Ele! 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Use the Distributive Property to find the product. 
10+404+ 1) Pi, (2 = 2 ae ©) 
Use a table to find the product. 


Sh (par 2a — 3s) ak (= py Ar — il) 
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ee 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


Using the FOIL Method 


The FOIL Method is a shortcut for multiplying two binomials. Extra Example 3 
Find each product. 
G Core Concept a. (x + 3)(x - 7) 
FOIL Method Keay 2 
To multiply two binomials using the FOIL Method, find the sum of the products b. Oe co 1)(5x2 = al 
Gs 10x4 — 13x2 + 4 
First terms ESE +2) °° x(x) = x? 
, MONITORING PROGRESS 
Outer terms, OF Do +2) mae SHO) = 28s ANSWERS 
mn SO eel eee 
Inner terms, and (x + I(x + 2) => I(x) =x fh, a2 = De = 8 
oy Uo GE Se Se se 
Last terms. (Gear UGE ar 24) pay 1Q2) = 2 


8. 8u* — uw — 


(Gs 4b Ge sth WD) = 32 tb ake te ae te hae ad ae 7 


SCNVGJESEM Muitiplying Binomials Using the FOIL Method 


Find each product. 


He (Ge Ser = G) lt, (xe se Gee = 5) 
SOLUTION 
a. Use the FOIL Method. 
First Outer Inner Last 
(Ge = SiGe = Oy) = wkGa) ae aya) ae a se (aa) FOIL Method 
x? + (—6x) + (—3x) + 18 Multiply, 
Sie = Orr 8 Combine like terms. 


p> The product is x? — 9x + I8. 


b. Use the FOIL Method. 


First Outer Inner Last 
(2x? + 1)Gx? — 5) = 2x2(3x?) + 2x2(—5) + 1(3x?) + 1(—5) FOIL Method 
(ope se (1h) ae ae ae (5D) Multiply. 
= 60 = The = 5 Combine like terms. 


p> The product is 6x4 — 7x? — 5. 
p 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
Use the FOIL Method to find the product. 

5. Gn—3)0n — 7) 6. (x ~ 4)(x + 2) 

7. (2 + Dn? + 3) 8. (202 + 4)(4u? 3) 
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Differentiated Instruction = 


Auditory/Visual 

Assign each group one method for multiplying binominals: using the Distributive Property, a 

table, or FOIL. Have each student solve a different problem using that method and share the 
solution within the group. Then have the group solve the same problems again using the other two 
methods, and compare solutions. 
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Extra Example 4 Multiplying Binomials and Trinomials 


Find (x = 2) 3x ate EXAMPLE 2 =Multiplying a Binomial and a Trinomial 


x2 — 5x2 + 7x -2 
lena (2 > SCH — she =D), 


Extra Example 5 serUnON 
8 6 2 = 
The purple piece of stained glass has a pe 
t zoidal sh Ee Z x ates Align like terms vertically. 
el aaa 1 (_Muttipy 502 — 3x —2). > 5x2— 15x — 10 Distributive Property 
(3x — 6) in. ( Multiply x0? — 3x — 2). . ag x3 — 3x 2x Distributive Property 
‘ ‘ aac = x8 + 2x? — 17x — 10 Combine like terms. 


> The product is x3 + 2x2 — {7x — 10. 


x in. BS7NVTNSEM Solving a Real-Life Problem : 


a. Write a polynomial that represents the 
area of the piece of glass. 
Dye Sie 

b. Find the area of the piece of glass 


In hockey, a goalie behind the goal line can only play a puck in the trapezoidal region. 
a. Write a polynomial that represents the area of the trapezoidal region. 


b. Find the area of the trapezoidal region when the shorter base is 18 feet. 


when the shorter base is 7 inches. eee 
66 square inches a. th(b, + by) =4(x — Lx + (x + 10)] Substitute. 
= AG — 7)(2x + 10) Combine like terms. 
MONITORING PROGRESS FO I L 
ANSWERS = 4(2x? + 10x + (-14x) + (-70)] FOIL Method 
O) 3 se (Gye sb Ie ae = 3 (2x? — 4x -— 70) Combine like terms. 
10. n> — 5n? + 10n — 12 = x2 — 2x — 35 Distributive Property 


11. It becomes x* — 3x = 4, The longer 
base becomes x + 11. Substituting 
this value in the formula for the area b. Find the value of x? — 2x — 35 when x = 18. 
of a trapezoid along with the other x? — 2x — 35 = 182 — 2(18) — 35 Substitute 18 for x. 
unchanged values changes the linear 


and constant terms in the polynomial. 


> A polynomial that represents the area of the trapezoidal region is x2 ~ 2x — 35. 


= 324 — 36 — 35 Simplify. 
= 253 Subtract. 


> The area of the trapezoidal region is 253 square feet. 


Monitoring Progress @) Help In English and Spanish at BigideasMath.com 
Find the product. 

GGa Ge 5x 118) 
WO, a= BG = Dae 2h) 


11. WHAT IF? In Example 5(a), how does the polynomial change when the longer 
base is extended by | foot? Explain. 
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¢ Point of Most Significance: Ask students to identify, aloud or on a paper to be collected, 
the most significant point (or part) in the lesson that aided their learning. 
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7. 2 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


| ASSIGNMENT 
1. VOCABULARY Describe two ways to find the product of two binomials. . Basic: 1.2, 3-43 odd. 53. 54. 58-61 | 
2. WRITING Explain how the letters of the word FOIL can help you to remember how to multiply Average: 1, 2-48 even, 53, 54, 58-61 
two binomials. 
* Advanced: 1, 2, 8, 10, 16-20 even, 


— . , 28-34 even, 40—48 even, 50-61 | 
Monitoring Progress and Modeling with Mathematics 


HOMEWORK CHECK 
In Exercises 3-10, use the Distributive Property to find In Exercises 21-30, use the FOIL Method to find the au 
the product. (See Example 1.) product. (See Example 3.) Basic: 3, 13, 21, 35, 43 
3. wt Drt+3) 4. (y+ 6) + 4) 21. (b+ 3\(b +7) 22. (w+ 9\(w + 6) Average: 4, 14, 22, 38, 44 
5 3 5 2 Advanced: 8, 16, 28, 40, 44 
5. (¢— 5c + 3) 6. (a + 8a — 3) 23. (¢—2)(q¢+4) 24. (z- §)(z- 2) 
ib (@= INE = 2) 8. (n — 6)(n — 4) 25, (= PI = SP) 26. (8 — 4x)(2x + 6) 
9. (3m+ l)Gn + 9) 10. (5s + 6)(s — 2) 27. (6s2 + 1)(2s2 — 9) 2B (2x2 — 4) Ox + 3) ANSWERS ; 
1. Sample answer: Distribute one of the 
el — use a table to find the product. 29. (w + 5)(w? + 3w) 30. (v — 3)(v2 + 8y) binomials over each term in the other 
(See Example 2. 5 : arte Fi 
c.. i MATHEMATICAL CONNECTIONS In Exercises 31-34, binomial and simplify; Write each 
11. (x + 3)(x + 2) 12. (y + 10)(y — 5) write a polynomial that represents the area of the binomial as a sum of terms and make 
haded ion. 5 
13. (h— 8h — 9) 14. (c — 6c — 5) st ieiced a table ofproducts 
il. 2. The letters stand for the sets of 
15. (3k — 14k + 9) 16. (5g + 3)g + 8) terms to multiply: first, outer, inner, 
om ea — 7) BG 127 2 3a) 2p-6 NEES. 
re 3. x7 + 4x43 
ERROR ANALYSIS In Exercises 19 and 20, describe and 2 oat 5) 
correct the error in finding the product of the binomials. By wally 4 
Pe See =e = 15 
33. 34, , ee een 
x (e- 2)(¢+ 5) =t—2(t+ 5) i a @ 
| 
=t—2t—10 x+5 3 Te @ = Oe ap il 
eG. al 8. n2— 10n + 24 
x+6 9. 3m? + 28m +9 
20. 1 Se = ag = 12 
x (x — 5)(3x +1) In Exercises 35-42, find the product. (See Example 4.) i eee se 3 
3 1 5 (Geb doe 4b aie ae 2 a (aE 24 apt 
x 3S. (+4)? + 3x+2) 36. (f+ If? + 4f+ 8) 12. + 5y — 50 


5 Sue ay By 2) 38, — 2) St + 1) 0 TE Te = ae 
(él, @F = Wiese AO 
1S, Be a5 DBE = © 
16. 5g? + 43g + 24 
42. (6v2 + 2v — 9)(4 — Sv’) i, 82 = BEj sr ZI 
ils, WSS Gilel se 4! 


19. talso should be multiplied by ¢ + 5; 
= Gar Sy) = 2AG@Sr SD) 
St he 0 St al) 


(x— 5)\(Sx+ 1) = Sx? + 16x+5 39. (4 — b)(5b2 + 5b — 4) 40. (d + 6)(2d2 —d +7) 


41. (3e2 — 5e + 7)(6e2 + 1) 
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Dees 20, be 37. y> + lly? + 22y -6 20. The 5 in the left column should 
dG. =82 — 9-4 48 38. 6 -7P + 11r-2 be —5; 

th, Wait = Jae =O 39. —5bh3 + 15b2 + 24b — 16 

Oe Wy 42 = 12 40. 2d? + 1ld?+d+ 42 x 

SAN), ye dE yy? 2 Si 41. 18¢4 — 30e3 + 45e2 — Se +7 

a), we at See Soy 42. —30v4 — 10v3 + 694 + 8v — 36 5 

31. 2x° + x — 45 G@ — 5Gr+ 1) = 3 = 14 = 5 
ae Bie 10h 21 

33. pe + yx + 15 22, w? + 15w + 54 

34. x2 — 3x + 36 Pi ee 

35. x3 + 7x2 + 14x + 8 BA eae 

36. f3+ 5f2+ 12ft 8 es 
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43. MODELING WITH MATHEMATICS The football field is 51. WRITING When multiplying two binomials, explain 
rectangular. (See Example 5.) how the degree of the product is related to the degree 
of each binomial. 


Dynamic Teaching Tools 


(10x + 10) ft 


Dynamic Assessment & Progress Monitoring Tool 


halviale dle oy | ois aoe jole on 52. THOUGHT PROVOKING Write two polynomials that 
Interactive Whiteboard Lesson Library are not monomials whose product is a trinomial of 
Dynamic Classroom with Dynamic Investigations (4x + 20) ft perce. 


20} 2106310.) lO Si) 466 31O 200, 110 


53. MAKING AN ARGUMENT Your friend says the FOIL 


ANSWERS ipa 1 Akin h Are Method can be used to multiply two trinomials. Is 
43. a (40x2 + 240x + 200) ft? a f se fee os CE cae eared Oe your friend correct? Explain your reasoning. 
: ootball field. 
a 
b. 57,600 ft b. Find the area of the football field when the width 54. HOW DO YOU SEE IT? The table shows one method 
44. a. (4x7 + 84x + 440) in? is 160 feet. of finding the product of two binomials. 
. a f 
b. 840 in. 44. MODELING WITH MATHEMATICS. You design a frame anne | 
45. y~— y* — 63 PE to surround a rectangular photo. The width of the | 8 F - 
46 ne ne 9 44 20 x frame is the same on every side, as shown. ano 
bay ny om 


AY), 38 ap db! = 38 = Be = Des xin : own _— 
48. 45 — 2h4 3 6h2 + 3} a. Write the two binomials being multiplied. 
: = 2 se AU = I sp Sip 
: f b. Determine whether a, b, c, and d will be positive 
BO), pear ir = p= 8 20 in. or negative when x > 0. 
Se oa , 
51. The degree of the product is the sum xin. 55. COMPARING METHODS You usc the Distributive 
of the degrees of each binomial. Property to multiply (x + 3)(« — 5). Your friend uses 
52. S i . the FOIL Method to multiply (v — 5)(x + 3). Should 
+ oainpie piouas your answers be equivalent? Justify your answer. 
(20 6) (sox) a. Write a polynomial that represents the combined a ae 
Ce dep OVUL, vem dl lores eum tne area of the photo and the frame. 56. USING STRUCTURE The shipping container is a 
° : : ; : rectangular prism. Write a polynomial that represents 
products that include the middle b. Find the combined area of the photo and the frame thowelumerenthecontuner 
terms of the two trinomials when the width of the frame is 4 inches. 
s \ 
54. a. (= 8% — 9)( 4) In Exercises 45-50, find the product. 
b. a and c are positive, b and d 45. (v3 + 2y2(y2 — 3y) 


are negative. (x + 2) ft 


55. yes; You are both multiplying the Beale ET) 


same binomials, and neither the order ny (i= ye eae) (4x — 3) ft CEbAyTE 

in which you multiply nor the method 

used will make a difference. 57. ABSTRACT REASONING The product of 
56. (4x3 + 9x2 — x — 6) ft3 45, ey ING (x + mx + n)isx? + bx +c. 
a. What do you know about m and n when c > 0? 


48. (h? + 3)(h3 — 2h? +h) 


57. a. They have the same signs. ie ee 
Ste tt 2 my b. What do you know about m and n when c < 0? 


b. They have opposite signs. 


58. slope: —6; y-intercept: 7 a ee F oe 
slope y-intercep Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


59. slope: 4 y-intercept: 7 


. * = s . ; - 3 
60. slope: 2: y-intercept: =a Find the slope and the y-intercept of the graph of the linear equation. (Section 3.5) 
58. y= =o 7 59. y =ix +7 


10, Shp tone — M2 61. 2y+x=8 


61. slope: 5; y-intercept: 4 
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Mini-Assessment 


If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B ® Enrichment and Extension 
¢ Puzzle Time ' @ Cumulative Review 


. Use the Distributive Property to 
find (x — 7)(x — 5). 

Wee ae 
. Use a table to find (2a + 1){a + 4). 
2a Oa 


. Use the FOIL method to find 
(3x2 — 1)(x2 + 5). 3x4 + 14x2 — 5 

4. Find (n — 3)(n2 — 4n — A). 

n3 — Jn? + 8n + 12 


Student Journal 
e Practice 


Differentiating the Lesson | 
Skills Review Handbook 


| Start the next Section 
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Special Products of Polynomials 


Dynamic Teaching Tools 


Essential Question What are the patterns in the special products SAUCE SESSA RSA 8 SEEM TENT ESTATE Ns 
TEXAS ESSENTIAL (a + b\(a—b), (a + by?, and (a — b)2? Lesson Planning Tool 
KNOWLEDGE AND SKILLS ' . : 
ce Interactive Whiteboard Lesson Library 


ee) Ue = Finding a Sum and Difference Pattern Dynamic Classroom with Dynamic Investigations 


Work with a partner. Write the product of two binomials modeled by each 
rectangular array of algebra tiles. ou 


a. (+ 2)(x— 2) = ob. 2x - DOr + ) - Texas Essential _ 
Knowledge and Skills 


A.10.B The student is expected to 
multiply polynomials of degree one and 


J. a x2 -4 
b. 4x2 — 1 


__ ss) 


aly 


“EXPLORATION 2 Finding the Square of a Binomial Pattern 


Work with a partner. Draw the rectangular array of algebra tiles that models each 
product of two binomials. Write the product. 


x +4x4+4 


iJ 


— | - KS 
Ae — A ae II 
3 @+ Dle@=Bseé = ik 
(a + b)? = a? + 2ab + b?; 
@— by? =a — 2ab- b? 
a a, = 


a. @ +2) =a he b. (2x — 1)? = 


e e 
ANALYZING 
MATHEMATICAL 
RELATIONSHIPS 


To be proficient in math, 
you need to look closely 


to discern a pattern Communicate Your Answer 


or structure. 


degree two. 
ANSWERS 


3. What are the patterns in the special products (a + b)(a — b), (a + b)?, 


and (a — b)*? [, 3 = NG 

4. Use the appropriate special product pattern to find each product. Check your c 9x — | 
answers using algebra tiles. d. x2 +6x+9 
Bs (esr See — 2) b. («-4)@4+ 4) @ (Gece Ise = ID) e x2 -4x4+4 
cL @ eae e. (x — 2) f. Gxt 12 i Che eee 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 
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Extra Example 1 
Find each product. 
a. (2x + 6)? 

Ax? JAG 36 
b. (3x —y)? 

Ox? 6X aye 


MONITORING PROGRESS 


ANSWERS 
xe ah ilebe se abo) 


49x — 42x + 9 
16x27 Siayny- 
Om? + 6mn + n2 


po Gt be 
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What You Will Learn 


P Use the square of a binomial pattern. 


; | l P Use the sum and difference pattern. 


P Use special product patterns to solve real-life problems. 


Previous 
ener Using the Square of a Binomial Pattern 
The diagram shows a square with a side length of (a + b) 2 p 
units. You can see that the area of the square is 
(a + bY? = a? + 2ab + B?. a 
This is one version of a pattern called the square of a 
binomial. To find another version of this pattern, use b | ab | 8? | 
algebra: replace b with —b. 
(4D E = a? ae Dal) 46 (Sa? Replace b with —b in the pattern above. 
(GS DP = ae = Dab + iy Simplify. . 
© Core Concept 
Square of a Binomial Pattern 
Algebra Example 
(a + by? = a? + 2ab + b? (Ge 42 SP = GaP ce DON) 4+ GP 
ae cae kt) aan) 
(a — by = a? — 2ab + Bb? (2x — 3)? = (2x)? — 2(2x)(3) + (3)? 
=4?—-12x+9 
ANALYZING 
MATHEMATICAL we : P : 
RELATIONSHIPS DNase Using the Square of a Binomial Pattern 
When you use special Find each product. 
product patterns, Bb . ; 5 
remember that a and b Eb (Bs oo) We oe) 
| can be numbers, variables, SOLUTION 
! or variable expressions. 
+> a. (3x + 4)? = (3x)? + 2(3x)(4) + 42 Square of a binomial pattern 
= 9x 24x + 16 Simplify. 


p> The product is 9x? + 24x + 16. 
b. 6x = 2y)2 = Gx)? — 26x) @y) + (2y)? Square of a binomial pattern 
= 25x? — 20xy + 4y? Simplify. 


p> The product is 25x? — 20xy + 4y?. 


Monitoring Progress @) Help in English and Spanish at BigideasMath.com 
Find the product. 


1. (e+ 7 2. (7x — 3)? 3. (4x — y)? 4. 3m +n)? 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


Using the Sum and Difference Pattern 


To find the product (x + 2)(x — 2), you can multiply the two binomials using the Extra Example 2 


FOIL Method. Find each product. 
eo a. (a2 + 8)(a — 8) 
(+ 2) — 2) =x? —2x + 2x -—4 FOIL Method 
ae Combine like t a es 
os ompine ike terms, 
b. (4x + y)(4x — y) 
This suggests a pattern for the product of the sum and difference of two terms. 7 3 
(Ge = jy 
G) Core Concept re 
Sum and Difference Pattern Extra Example 3 
Algebra Example Use special product patterns to find the 
(a+ bla-b)=a-B (x + 3) — 3) =x? -9 product 48 + 52. 


(50 — 2)(50 + 2) = 2500 — 4 = 2496 
Using the Sum and Difference Pattern 


MONITORING PROGRESS 

ind each product. ANSWERS 

al se NG = 3 b. (3x + y)(3x — y) 
a. (f + 5)(t — 5) x + y)(3x — y 5. x2 — 100 
SOLUTION 6a 
BG SiG = Sie Sum and difference pattern a x2 — 02 

= ee ein. 8. Rewrite 212 as (20 + 1)2, then use 
> The product is 1? — 25. the square of a binomial pattern 
b. (3x + y)(3x — y) = (3x)? — y? Sum and difference pattern (20 + 1)? = 20? +2-20-1+12= 
= 97 —- Simplify. 400 + 40 + 1 = 441. 


> The product is 9x7 — y?. 


The special product patterns can help you use mental math to find certain products 
of numbers. 


DEN iaesee Using Special Product Patterns and Mental Math 


Use special product patterns to find the product 26 « 34. 


SOLUTION 
Notice that 26 is 4 less than 30, while 34 is 4 more than 30. 
26 + 34 = (30 — 4)(30 + 4) Write as product of difference and sum. 
= YP = 42 Sum and difference pattern 
= 900 — 16 Evaluate powers. 
= 884 Simplify. 


p> The product is 884. 


Monitoring Progress @) Help in English and Spanish at BigideasMath.com 
Find the product. 
B, ip ae MOGs — WO) (i, (ker Nees = Ml) Th (Bese 3G = By) 


8. Describe how to use special product patterns to find 21°. 
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Organization ' 
| Have students make a table to show the patterns of special products. Have them include their own 
examples in the table. 


Pattern Algebra 
Square of a binomial (sum) (a + b)? = a2 + 2ab + bP 


) 
Square of a binomial (difference) | (g — b)? = a2 — 2ab + b? 


Sum and difference (a + b)la — b) = a? — BP | 
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Extra Example 4 

Each of two cats has one black patch 
gene (B) and one tan patch gene (ft). Any 
gene combination with a B results in 
black patches in an offspring’s fur. The 
Punnett square shows the possible gene 
combinations of the offspring and the 
resulting patch colors. 


B t 
B| BB Bt 
t; Bt ists 


a. What percent of the possible gene 
combinations result in tan patches? 
25% 

b. Show how you could use a polynomial 
to model the possible gene 
combinations of the offspring. 

0.2582 + 0.58t + 0.25t?; The 
coefficient of t? shows that 25% of the 
possible gene combinations result in 
tan patches. 


MONITORING PROGRESS 
ANSWERS 
Oe, 25% 
b. (0.5B + 0.5W)2 = 
0.25B2 + O.5BW + 0.25W?; 
The coefficients show 25% black, 
50% gray, and 25% white. 


Closure 


¢ Give Me Five: “How did today’s 
lesson help you better understand 
multiplication of binomials?” 
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Solving Real-Life Problems 


S7NVi0a A Modeling with Mathematics 


A combination of two genes determines the 
color of the dark patches of a border collie’s 
coat. An offspring inherits one patch color 
gene from each parent. Each parent has two 
color genes, and the offspring has an equal 
chance of inheriting either one. 


Parent 


The gene B is for black patches, and 

the gene ris for red patches. Any gene 
combination with a B results in black 
patches. Suppose each parent has the same 
gene combination Br. The Punnett square 
shows the possible gene combinations of 
the offspring and the resulting patch colors. 


a. What percent of the possible gene combinations result in black patches? 


b. Show how you could use a polynomial to model the possible gene combinations. 


SOLUTION 


a. Notice that the Punnett square shows four possible gene combinations of the 
offspring, Of these comibinations, threc result in black patches. 


> So, 75% of the possible gene combinations result in black patches. 
b. Model the gene from each parent with 0.5B + 0.57. There is an equal chance that 
the offspring inherits a black or a red gene from each parent. 


You can model the possible gene combinations of the offspring with (0.5B + 0.57)?. 
Notice that this product also represents the area of the Punnett square. 


Expand the product to find the possible patch colors of the offspring. 
(0.5B + 0.5r)? = (0.5B)? + 2(0.5B)(0.57) + (0.57)? : 
= 0.25B? + 0.5Br + 0.2572 
Consider the coefficients in the polynomial. 


0.25B? + 0.5Br + 0.2577 


25% BB,  \ { 50% Br, 
black patches black patches } (ted patches 


The coefficients show that 25% + 50% = 75% of the possible gene combinations 
result in black patches. 
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9. Each of two dogs has one black gene (B) and one white gene (W). The 
Punnett square shows the possible gene combinations of an offspring and 
the resulting colors. 


a. What percent of the possible gene combinations result in black? 


b. Show how you could use a polynomial to model the possible gene 
combinations of the offspring. 
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Ask students to share what they know about genes and physical characteristics. Explain that 
_ a Punnett square demonstrates how genes might be inherited. Have students practice reading 
' comprehension by reading aloud Example 4 in groups of mixed language abilities. Students should 
| consult their group or the teacher when there is a concept they do not understand. 


_ Beginning Read the headings. 

_ Intermediate Read the first paragraph. 
Advanced Read the second paragraph and parts (a) and (b). 
Advanced High Read the solution. 


| ELPS 4.F.10 Use support from peers and teachers to develop background knowledge needed to 
| comprehend increasingly challenging language. 


i 3 Exe rcises Dynamic Solutions available at BigldeasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


ASSIGNMENT 
1. WRITING Explain how to use the square of a binomial pattern. Basic: 1, 2, 3-35 odd. 38. 43. 48-51 
2. WHICH ONE DOESN'T BELONG? Which expression does not belong with the other three? Explain Average: 1, 2-34 even, 35-39, 43, 
your reasoning. — 48-51 
G+ DG — 1} (x + 2)(3x — 2) Ge Re =— 3) Wer 4 ey — 3) | Advanced: 1, 2, 8-14 even, 
22-34 even, 35-37, 38-40 even, 
42-51 


Monitoring Progress and Modeling with Mathematics 


HOMEWORK CHECK 


In Exercises 3-10, find the product. (See Example 1.) In Exercises 25-30, use special product patterns to find oe 
3 5 the product. (See Example 3.) Basics o, 19, 17, 25,39 
St (Gear te 4. (a — 6) : 
25. 16°24 26. 33-27 Average: 4, 16, 18, 26, 35 
Be, Qyp= We G, Gpt DP ' 
eT ope Be | Advanced: 10, 22, 24, 28, 35 
dh (Siar aye 8. (—12-n) —=s 
29.9 305° 30. 101-92 
9. (2a + b)? 10. (6x — 3y)? ANSWERS 
MATHEMATICAL CONNECTIONS In Exercises 11-14, write ERROR ANALYSIS In Exercises 31 and 32, describe and 1. Substitute the first term of the 


correct the error in finding the product. 


a polynomial that represents the area of the square. binomial for @ and the second term of 


flit x 4 12. x 7 x atl (es 42 Se ae the binomial for b in the square ofa 
, ia | 2 ik x =e binomial pattern, then simplify. 
2. (x + 2)(x — 3); It is the only one that 
4 7 32. cannot be simplified using the sum 
x (s+ 5)(s— 5) = s? + 2(s)(5) — 5? | and difference pattern. 
4 =s*+10s— 25 5 oe ab Ilex 4+ A 
13. mn-5 14. 4c+ 4d Lie = ese aie 


ia 


5 
4 
33. MODELING WITH MATHEMATICS A contractor So Af? == ANP eI 
| extends a house on two sides. 6. 25p2 +20p +4 
, ; 7. 49% — 561 + 16 
Extension , 

i 8. n?+ 24n + 144 

9 


4q? + 4ab + b? 


In Exercises 15-24, find the product. (See Example 2.) 10. 36x? — 36xy + 9y? 


iS G2) 16. (m+ 6)(m — 6) MW. xb Se 16 
2 
17. (4x + 1)(4x —- 1) 18. (2k — 4)(2k + 4) ; 1 ee Oe ee 
a. The area of the house after the renovation is 13. 40,2 = 70, 25 
19. (8 + 3a)(8 — 3a) 20 G = ale a. c) represented by (x + 50)°. Find this product. : : ai 
: ~ x2 2 14. 16c* + 32cd + 16d* 


b. Use the polynomial in part (a) to find the area 


21. (p— 10g)(p + 10g) 22. (7m + 8n)\(7m — 8n) when x = 15, What is the area of the extension? i§& @=—49 
23. (-y+4)(—y—4) 24. (—Sg — 2h\(—Sg + 2h) 16. m? — 36 
li, Nee = 1 
Section 7.3 Special Products of Polynomials 355 ee = 
19. 64 — 9a? 
20. ; = @ 
31. The middle term in the square of a binomial 2p 00g. 
pattern was not included, 99. 40m2 — 64n?2 
= k + 2(k)(4) + 4? =k? + 8k + 16 235 16 
SZ. There is no middle term in the sum and 24, 259? — 4h? 
difference pattern; = s? — 52 = s* — 25 
25. 384 
33. a. (x2 + 100x + 2500) ft? 26. 891 
1, ADS es IPS Tie 07. 1764 
28. 841 
29. 930.25 
30. 995 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
34. a. (10,000 — x2) ft? 
b. decrease, The original area is 
10,000 ft2, so the new area is the 
original area decreased by x’. 


c. 9559 ft? 
355 8 25% 


b. (0.5N + 0.5a)? = 
0.25N? + 0.5Na + 0.25a? 


36. a. (mx? — 12a% + 367) mm? 


b. 4 times greater; The area 
increases from 47 square 
millimeters to 16a square 
millimeters, which is 4 times 
greater. 

(ar UNG = Wes? = TAN sts 

the product side of the sum and 

difference pattern, so working 
backwards, a and b are the square 

roots of a? and b?. 


37. 


38. Use the Punnett Square which shows 
that 3 = 75% of the combinations 
tesult in green pods; Because both the 
G? and the Gy combinations result 

in green pods, add the coefficients of 
these terms in the polynomial, 
O25 + Qo = O15 = 15%. 

ll 

y® + 8y? + 16 

4m* — 20m?n? + 25n* 

ae Sele 

no; (44) can be written as (4 ae 2) 
however using the square of a 
binomial pattern results in 


16 + $+ 4, which is 18Z, not 164. 


39. 
40. 
41. 
42. 


43. 


es 
a 


44-51. See Additional Answers. 


Mini-Assessment 


Find the product. 
1, (4x + 1)? 16x2 + 8x +1 

2. (3a — 5b)? 9a2 — 30ab + 2562 
a. (20 tel ge 9 
4 


. Use special product patterns to find 
the product 43 + 37. 

(40 + 3)(40 — 3) = 1600 —- 9 = 

ten 
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Chapter 7 


34. MODELING WITH MATHEMATICS A square-shaped 
parking lot with 100-foot sides is reduced by x feet on 
one side and extended by x feet on an adjacent side. 


a. The area of the new parking lot is represented by 
(100 — x)(100 + x). Find this product. 


b. Does the area of the parking lot increase, decrease, 
or stay the same? Explain. 


c. Use the polynomial in part (a) to find the area of 
the new parking lot when x = 21. 


3S. MODELING WITH MATHEMATICS In deer, the gene 
N is for normal coloring and the gene a ts for no 
coloring, or albino. Any gene combination with an N 
results in normal coloring. The Punnett square shows 
the possible gene combinations of an offspring and 
the resulting colors from parents that both have the 
gene combination Na. (See Example 4.) 


ParentA 


Na 
rial \, 


a. What percent of 
the possible gene 
combinations 
result in albino 
coloring? 


b. Show how you 
could use a 
polynomial 
to model the 
possible gene 
combinations 
of the offspring. 


Parent B 


36. MODELING WITH MATHEMATICS Your iris controls 
the amount of light that enters your eye by changing 
the size of your pupil. 


iris 


a. Write a polynomial 
that represents the area 
of your pupil. Write 
your answer in terms 
of 7. 


b. The width x of your iris decreases from 
4 millimeters to 2 millimeters when you enter a 
dark room. How many times greater is the area 
of your pupil after entering the room than before 
entering the room? Explain. 


37. CRITICAL THINKING Write two binomials that have 
the product x* — 12]. Explain. 


10? eG 
48. 03 49. 3 
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if students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


Student Journal 
e Practice 


38. 


HOW DO YOU SEE IT? In pea plants, any gene 
combination with a green gene (G) results in a green 
pod. The Punnett square shows the possible gene 
combinations of the offspring of two Gy pea plants 
and the resulting pod colors. 


pata 


G MW 


G = Green gene 


y= Yellow gene 


A polynomial that models the possible gene 
combinations of the offspring is 


(0.5G + 0.5y)? = 0.25G2 + 0.5Gy + 0.25y2 


Describe two ways to determine the percent of 
possible gene combinations that result in green pods. 


In Exercises 39-42, find the product. 


eh 
41. 


43. 


44, 


4s. 


46. 


47. 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 
Simplify the expression. Write your answer using only positive exponents. 


SO. (325)-3 


Polynomial Equations and Factoring 


if students got it... 


(Ge se Ie? = I) 40. OG? + 4) 


(Cie = SIE 42. (P — 6A)? + 64) 
MAKING AN ARGUMENT Your friend claims to be 
able to use a special product pattern to determine that 


a 
(44) is equal to 165. Is your friend correct? Explain. 


THOUGHT PROVOKING The area (in square meters) ! 
of the surface of an artificial lake is represented by x?. 
Describe three ways to modify the dimensions of the 
lake so that the new area can be represented by the 
three types of special product patterns discussed in 
this section. 
REASONING Find & so that 9x7 — 48x + kis the 
square of a binomial. 


REPEATED REASONING Find (x + 1)> and (x + 2). 
Find a pattern in the terms and use it to write a pattern 
for the cube of a binomial (a + b)?. 


PROBLEM SOLVING Find two numbers a and b such 
that (a + b)(a — b) < (a — bY < (a + 5b). 


(Skills Review Handbook) 


4\-2 
$1. (25) 
: 


Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A.10.C 


ANALYZING 
MATHEMATICAL 
RELATIONSHIPS 

To be proficient in math, 
you need to look closely 
to discern a pattern 
or structure, 


Dividing Polynomials 


Essential Question How can you use algebra tiles to divide 


two polynomials? 


ake NRE Dividing Polynomials Using Algebra Tiles 


Work with a partner. Use algebra tiles to pire each quotient. 


eet. el. Ss SST 


EXPLORATION 2 Dividing Polynomials Using Algebra Tiles 


Work with a partner. Use algebra tiles to write each quotient. 


2 esi 
Gt 3+ 6) _ aa jp, (Ske se ssa) 
Cn) Gx+4) 


ei Sat, 44 


G2 + 4x=5) _ owes (22 = 6x +4). ial . 
Ne, STIS d. (x = 2) BP uit 


iS) 


Communicate Your Answer 


—l> 3. How can you use algebra tiles to divide two polynomials? 


4, Give another example of dividing two polynomials using algebra tiles that is 
similar to those in Explorations | and 2. 


Section 7.4 Dividing Polynomials 357 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic investigations 


+9 Texas Essential 
Knowledge and Skills 
A.10.C The student is expected to 
determine the quotient of a polynomial of 
degree one and polynomial of degree two 
when divided by a polynomial of degree 
one and polynomial of degree two when 
the degree of the divisor does not exceed 
the degree of the dividend. 


ANSWERS 
il, i 36 4P 2 


I, gear Il 


3. Arrange algebra tiles that model the 
dividend into a rectangular array. 
Arrange algebra tiles that model the 
divisor along one of the dimensions 
of the array. Then use additional 
algebra tiles to model the missing 
dimension of the rectangle, the 
polynomial represented by these tiles 
is the quotient. 


Section 7.4 357 


Extra Example 1 
Find (10x2 + 2x) + (2x). 5x +1 


MONITORING PROGRESS 


ANSWERS 
iL, De = © 


ji, Ube — || 
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What You Will Learn 


P Divide polynomials by monomials. 

P Use polynomial long division to divide polynomials by other polynomials. 
Gore Vocabulary. P Use synthetic division to divide polynomials by binomials of the form x — k. 
polynomial long division, 


p. 358 


Dividing Polynomials by Monomial 
synthetic division, p. 360 g y Mahe! : 


To divide a polynomial by a monomial, divide each term of the polynomial by 


Previous the monomial. 

polynomial 

degree of a polynomial ENV i aes Dividing a Polynomial by a Monomial 
\ ee eee eee eee 


Find (6x? + 12x) + Gx). 


SOLUTION 
D Gye ab ee _ Gi 4 lax 
3x 3x 3x . 
REMEMBER a 
When dividing terms 
with exponents, use the WP (6x? + 12x) + Bx) = 2x +4 


Quotient of Powers 


m 
Property: = ae e 
a Monitoring Progress @) Help in English and Spanish at BigideasMath.com 


Divide. 


where a # 0. 
1, (8x — 24) +4 2. (20x? + 5x) + (—5x) 


Long Division of Polynomials 


When you divide a polynomial f(x) by a nonzero polynomial divisor d(x), you get a 
quotient polynomial g(x) and a remainder polynomial r(x). 


dividend —> f@) _ Ge r(x) <— remainder \ 
divisor —> d(x) A 4) quotient 
The degree of the remainder must be less than the degree of the divisor. When the 


remainder is 0, the divisor divides evenly into the dividend. Also, the degree of the 
divisor is less than or equal to the degree of the dividend f(x). One way to divide 


polynomials is called poly 


@ Core Concept 


Long Division of Polynomials 
Step 1 Write the dividend and divisor in standard form. 


png $10n. 


Step 2 Insert placeholders with zero coefficients for missing powers of 
the variable. 


Step 3 Perform the long division of the polynomials as you would with integers. 
At each stage, divide the term with the highest power in what is left of the 
dividend by the first term of the divisor. Line up the terms in the quotient 
with the like term in the dividend. 


Step 4 Continue until the degree of the remainder is less than the degree of 
the divisor. 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigildeasMath.com. 


iw CN Viaeead Using Polynomial Long Division 


Extra Example 2 


Find (4x + 5) + (x + 1). Determine whether the divisor evenly divides into : Find (3x + 8) + (x + 2). Determine 
the dividend. ae nae ; 
whether the divisor evenly divides into 
SOLUTION the dividend. 
COMMON ERROR : 2 
Tee re sionfadeets ee - 2 rer Because the remainder does 
the quotient in the result : i ivi au ee 
Ee amr e us Multiply divisor by = 4. not equal 0, the divisor does not evenly 
Bo ea / toes divide into the dividend. 


d(x)’ 


RP 4+5)+@4+1)=44 u . Because the remainder does not equal 0, the 


ar il 
divisor does not evenly divide into the dividend. Extra Example 3 
Find (2x2 + 11x + 18) + (2x +5). 
3 
4p 3) aE 
. De ae S 


Extra Example 4 
Find (4x2 + 2x + 17) = (2 + x2). 
Ey Ie 42S 


Me So 
>eNVigeacm Using Polynomial Long Division 


Find (6x? + 17x + 20) + (3x + 4). 


SOLUTION 
Phese  & 
3x + 4)6x2 + 17x + 20 : 
6x2 + 8x Multiply divisor by = 2% 
She ap 210) Subtract. Bring down next term. 
Cane 1 Multiply divisor by = 3. 
8 Subtract. 
BG) ee 
3x +4 
ENV ideas Using Polynomial Long Division 
COMMON ERROR Find (3x2 + 2x + 15) + (1 + x2), 
Be sure to write 1 + x2 in 
standard form and insert oro 
Ox as a placeholder. 3 
80 op Oech WG? ae he se IS : 
ae One 3 Multiply divisor by =3. 
ye ae Subtract. 


ear WP 


& ae 2,= 
Re 2) 
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English Language Learners 


Build on Past Knowledge 
Remind students from their study of whole-number long division that the steps for dividing are 


divide, multiply, subtract, and bring down. These are the same steps they will use for polynomial 
long division. 
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Extra Example 5 Monitoring Progress ) Help In English and Spanish at BigideasMath.com 


Find (2 15S) geo) using Use polynomial long division to divide. 
synthetic division. 3. (Sx — 4) + (x +3) 4. (8x +7) = (—4x— 2) 
Dse we Bo a Bi, (be ab dle ae 11) = Ge = 2B) G, (COs = Nee tb ah) (Se 3 1) 
x — 
7. (—6x? + 2x + 18) + (x? + 5) 8. (4x2 + 18 + 6x) + (—2x?2 + x + 3) 
MONITORING PROGRESS 
ANSWERS Synthetic Division 
a 54 ={I9 There is a shortcut for dividing polynomials by binomials of the form x — k. This 
: eR shortcut is called synthetic division. The method is shown in the next example. 
4. -24+—3— a4 
‘ PONV eas Using Synthetic Division 
47 : 
Se ee, Find (3x2 — 10x + 20) + (x — 2). 
SOLUTION 
(i =D ar 2 se z 
= Sera Step 1 Write the coefficients of the dividend in order of descending exponents. 


Include a “0” for any missing powers of the variable. Because the divisor is 


YW, = 4b ca aS, * x — 2, use k = 2. Write the k-value to the left of the vertical bar. 
Xe ate 
k-value —> 2 3. -10 20 ~<— coefficients of 3x? ~ 10x + 20 
8x + 24 
a 
=a Mie se jest 3 
Dre ae ap alt 24 Step 2 Bring down the leading coefficient. Multiply the leading coefficient by the 
ie x-3 k-value. Write the product under the second coefficient. Add. 
—38 2 3 =O 2d 
NO, =r ae Qe 
x+4 6 
4 
37 4 


Step 3 Multiply the previous sum by the k-value. Write the product under the third 
coefficient. Add. The first two numbers in the bottom row are the coefficients 
of the quotient, and the last number is the remainder. 


© =S8 
coefficients of quotient—» 3  —4 12 <—remainder 
be = 10 a Ss 
Ao 
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Use synthetic division to divide. 
@, (Cle th sek OS Ge = B) 
10. (—x? + 5x — 2) +(% + 4) 
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¢ Exit Ticket: Use polynomial long division and synthetic division to divide: 


(6x2 — 21x — 5) + (x — 4). 
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7.4 Exe rcses Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 
Homework Check 
Vocabulary and Core Concept Check 


1. WRITING Describe how you can check the result of a polynomial division problem. 
Give an example. 


ASSIGNMENT 


Basic: 1, 2, 3-37 odd, 41, 43, 44, 
48-55 


2. VOCABULARY Can you use synthetic division to find (3x2 + x — 2) + (x + 1)? Explain your reasoning. Average: 1, 2~38 even, 41-44. 48-55 
« t t t 


Advanced: 1, 2, 6, 10, 12, 


Monitoring Progress and Modeling with Mathematics 16-20 even, 24-38 even, 40-55 
In Exercises 3-6, divide. (See Example I.) 20. Volume = 4x2 + 2x — 72 HOMEWORK CHECK 
3, Cor = 22) = 6 4. (45x + 20) + (—5) 


Basic: 3, 7, 13, 21, 29 
Average: 4, 8, 14, 22, 30 


5. (16x? + 8x) + (—2x) 6. (—4x2 — 28x) + (4x) 


In Exercises 7-12, use polynomial long division to Advanced: 6, 10, 16, 24, 32 
divide. Determine whether the divisor evenly divides In Exercises 21-28, use polynomial long division to 
into the dividend. (See Example 2.) divide. (See Example 4.) 
7. (7x + 3) +(x +2) i (Gres> iD) SiGe sb 3) 21, (4x2 + 7x + 12) = G2 + 2x + 1) ANSWERS 
9. (6x — 18) + (2x—6) 10. (8x—5)+ (2x +1) DG n= 20 Ge = Be + 12) 1. See Additional Answers. 
2. yes; 3x2 + x — 2 is a polynomial and 
11, (—8x — 10) + (4x +5 2 \ 4 ; 
ree 2°) a ee ae the binomial x + 1 can be rewritten 
Ws (Uli = EE) se (she ar a1) 24. (7 — 8x2 — 3x) = (4x2 + Sx — 3) as x — (—1), so it is of the form 
In Exercises 13-18 1 ial long division t gs Rowhere bots 
n Exercises 15-16, use polynomia ong division to 25. 5 oe 8x +2) + Ds 3 
divide. (See Example 3.) S : ae ) a OF = 7 4, —9x—4 
13. (14x? — 23x + 6) + (7x — 1) 26. (9x? + 3x — 8) + (3x? + 2) 5; =s8r = 4  =R=— 7 
5 il! 
14. (28x? + 36x — 1) = (2x + 3) 27. (6x — 20x) + (Sx? — 3x + 2) Fe Paaey no 
15. (9x2+24x + 15) + (—3x — 2) ZA, (= WG ate Be oe (2B sb Sh) =A 
wi 5) ae ;no 
16, (8x? + 30x + 35) + (4x + 3) In Exercises 29-36, use synthetic division to divide. ame 
(See Example 5.) 9, 3: yes 
17. (15x + 14x? — 40) + (—2x — 5) 
29. (8x2 + 4x — 19) +(@-1) Ay le = 
Lechae A os . , no 
18. (11x — 6x? — 8) + Gx -1) Sees ree Dp & Il 
MATHEMATICAL CONNECTIONS In Exercises 19 and 20, oe Pes a ll. —2; yes 12. —6; yes 
write an expression that represents the length @ of the ee) Ry 3 8 
. 2x-34+—->— 
figure. SP), (One ap 2S = 2) = (Ge aE) ‘ 7x— 1 
19. Area = 9x2 + 15x +6 g 
33. (15x? — 48) + (x — 2) 140 147] 3 
‘i 2x +3 
34. (2x? — 5x) + (x - 3) 3 
3x +2 15. -3x-6+— 
35. (3 —x2- x) + (x +4) —3x%— 2 
Pe 17 
7) 36. (12 — 7x2) + (+1) 16. 2x+6+ 
2 aby ap 3 
Section 7.4 Dividing Polynomials 361 10 
VW, =We se II) se 
Lge 3 
Ge 
one = Ml 
SUPPORTING English Language Learners 19. 3x+3 20. 2x +9 
; : ear & 
| Have students share with the class their answers for the Vocabulary and Core Concept Check. | 21. 4 mara 
Beginning Use simple phrases to share answers. 2x — 56 
| Intermediate Use complete sentences to share information. i) Bie 8 an aan ps 
Advanced Use multiple complete sentences arranged appropriately. 
Ad d High Explai wers using multip| lex sentences eee Se 
vanced High Explain answers using multiple comp : é ra 
ELPS 3.G.1 Express opinions ranging from communicating single words and short phrases to +1 
participating in extended discussions on a variety of social and grade-appropriate academic topics. | 24. —2+ ea ea 


25-36. See Additional Answers. 
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37. ERROR ANALYSIS Describe and correct the error in 42. 
dividing 3x? + 10x + 6 by x + 3. 


MODELING WITH MATHEMATICS A rectangular 
garden is bordered by a walkway. The width of the 


Dynamic Teaching Tools walkway is the same on every side. The total area 


Dynamic Assessment & Progress Monitoring Tool Beart (in square feet) of the garden and the walkway is 
; aaa —— you AEP oeaalon= & represented by 4x? + 38x + 90. Determine the 
Interactive Whiteboard Lesson Library — aa ee length @ (in feet) of the garden without the walkway. 
ne A heer ‘a i x oe 
Dynamic Classroom with Dynamic Investigations yee ; 
iar 
3 


ANSWERS 
37, The remainder should be divided by 
the divisor; 
(Gx? + 10x +6) + @+3)= 
3 


3x + 1 + —— 
gar g 


38. The quotient should be one degree 
less than the dividend, 


(3x? + 10x+6)+(x+3)=3x+74+3 


38. ERRORANALYSIS Describe and correct the 
error in using synthetic division to divide 43. 
BE = Ge = Boy se = 4b, 


MAKING AN ARGUMENT Your friend says that you 
can use synthetic division to divide 3x* + x — 2 by 
x? + | because the divisor is a binomial. Is your 
friend correct? Explain. 


x Ge || 4 (3) =) ° 
oun 
x & 5 


(2x2 = be = 3) 2 (x = 4) = 44. HOW DO YOU SEE IT? Write the divisor, dividend, 
i quotient, and remainder represented by the synthetic 
De ee snes 
=i (2x2 — 6x — 3) + (x — 4) = 2x2 + 2x45 LOD SOD: 
ees iy —u || 5 18 6 
39. When dividing the dividend by the 
ane : 3 = 20 8 
divisor, the remainder is 0. 39. WRITING Explain what it means for a divisor to 
5 =e 14 


40. x + 4; 3x2 + 14x; The divisor is divide evenly into a dividend. 


the expression that the remainder is 
divided by, and the dividend is the 
result of multiplying the quotient by 
the divisor and adding the remainder. 


40. USING STRUCTURE You divide two polynomials and 


8 45. 


ye 3 
obtain the result 3x + 2 — ae What is the divisor? SAA SUEUR MEI Sesh Lk 8 be 
fa 


3x + 6 using polynomial long division. Then divide 
6x2 + 18x + 2 by x + 2 using synthetic division. 
What do you notice about the results of the two 


What is the dividend? Explain how you found 
your answer. 


41 6x + 4 —14 division problems? Why do you think this is so? 

* 5¢ JE” ge ae 41. MODELING WITH MATHEMATICS Your class is 

ticipating in a food drive. The total ber of 

42. 10 aii tes Reta re oe eee ye ete 46. THOUGHT PROVOKING Use polynomial long division _ 

. donated is represented by 6x + 4, where x represents Raf L 
43. no: The divisor x2 + 1 is not of the the number of students who participate. The total is divide ces 6x? 7 12x af i 2 ey. 4. iis ee : 

: number of students in the class is represented by coed use SyHtene anvisusee Oe Ee ae 
form x — k. Explain your reasoning. 


x + 3. Write an expression that represents the 

average number of cans donated by each student in 

the class. Use polynomial long division to rewrite 47. 
the expression. 


44, divisor: x + 4, 
dividend: 5x2 + 18x + 6; 
quotient: 5x — 2; remainder: 14 


45-55. See Additional Answers. 


CRITICAL THINKING Find a value for k so that x + 8 
divides evenly into x? + kx + 8. 


Reviewing what you Searned in previous grades and lessons 


Maintaining Mathematical Proficiency 


(Skills Review Handbook) 


Factor the expression using the GCF. 


48. 12y— 18 CMs WP ae oil 50. 49s + 35 Die lox Oy 


(Section 1.1) 


Solve the equation. Check your solution. 


$2. p—9=0 $38.0 2> i => 
Mini-Assessment 
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. Find (18x2 — 6x) + (—3x). 
=i =e 2 


. Find (15x — 20) + (3x — 4). 
Determine whether the divisor 
evenly divides into the dividend. 


If students g 


ry 


5; The divisor evenly divides into 


the dividend. 


. Find (10x2 + 24x + 13) + (2x + 4) 
using polynomial long division. 
5 
Bye sp 2 ar Fae 
. Find (5x2 + 3x — 8) + (x2 — 2) 
using polynomial long division. 
Shicr 2 


pig ae 
x2—2 
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e Practice A and Practice B 
© Puzzle Time 


Student Journal 
e Practice 


Resources by Chapter 


e Enrichment and Extension 
e Cumulative Review 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A8.A 


SELECTING TOOLS 


To be proficient in math, 
you need to consider 
using tools such as a 
table or a spreadsheet to 
organize your results. 


Solving Polynomial Equations in 


Factored Form 


Essential Question How can you solve a polynomial equation? 


Cake V-NGle} i §=Matching Equivalent Forms of an Equation 


Work with a partner, An equation is considered to be in factored form when the 
product of the factors is equal to 0. Match each factored form of the equation with 
its equivalent standard form and nonstandard‘form. 


Factored Form Standard Form Nonstandard Form 


a (-1)%-3)=0 A. #-—x-2=0 1 x? — 5x = -6 
ie C—Qe=—3=0 Be e+e 2=0 2 (x— 1)? =4 
Rep aG Oe C. Ba — 1) Sh et 

Pe he a0 BM ee ca Se 
er DG — 2) =O BP ce = 2 — 2S 5 se =the = = 3 


ake Ve PM Writing a Conjecture 


Work with a partner. Substitute 1, 2, 3, 4, 5, and 6 for x in each equation and 
determine whether the equation is true. Organize your results in a table. Write a 
conjecture describing what you discovered. 


ay (= Wick = 2) = 0) 
ce (x —- 3) —- 4) =0 
e x — 5)a- 6) =0 


EXPLORATION 3 Special Properties of 0 and 1 


Work with a partner. The numbers 0 and | have special properties that are shared 
by no other numbers. For each of the following, decide whether the property is true 


b. (x — 2) —- 3) =0 
d. (x — 4)@ — 5) =0 
fica 6) Ga 110 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.8.A The student is expected to solve 
quadratic equations having real solutions 
by factoring, taking square roots, 


completing the square, and applying the 
quadratic formula. 


ANSWERS 
ee ale ees 


1d; IDE Il 
ce. A;3 
Gi, Jee 4 
e. E;2 
2. See Additional Answers. 


3. a. 0; Adding 0 does not change a 
value, but adding 1 increases the 


value. 


for 0, 1, both, or neither. Explain your reasoning. 


a. When you add ~—to. a number #, you get n. 


b. If the product of two numbers is _, then at least one of the numbers is 0. 


c. The square of _ is equal to itself. 
d. When you multiply anumbern by —., you get n. 
e. When you multiply anumbern by _, you get 0. 


f. The opposite of is equal to itself. 


Communicate Your Anewer 


4. How can you solve a polynomial equation? 


5. One of the properties in Exploration 3 is called the Zero-Product Property. It is 
one of the most important properties in all of algebra. Which property is it? Why 
do you think it is called the Zero-Product Property? Explain how it is used in 


algebra and why it is so important. 


Section 7.5 


For a section overview and insights into this Exploration page, 
see Laurie's Notes at BigideasMath.com. 


, SUPPORTING English Language Learners 


Present the Essential Question. Have students work in pairs to complete 
the explorations and Communicate Your Answer. 


Beginning/Advanced Beginning students read the headings, 
equations, and parts (a)-(f) of Exploration 3 while asking Advanced 
students for help as needed. Advanced students read instructions and 
Communicate Your Answer questions, requesting help from teachers or 
classroom aides as needed. 


Solving Polynomial Equations in Factored Form 363 


b. 0; The product of 0 and any 
number is always 0, never 1. 

c. both; 0? = Oand 12 = 1 

d. 1; The product of any number and 
0 is 0, the product of any number 
and | is the number. 

e. 0; The product of any number and 
0 is 0, the product of any number 
and | is the number. 

f. 0; Zero is neither positive nor 
negative, so it is its own opposite. 

4. Set each polynomial factor equal to 0 
and solve. 


5. See Additional Answers. 


Intermediate/Advanced High Intermediate and Advanced High 
students alternate reading the explorations and Communicate Your 
Answer questions, and request clarification from each other, teachers, 
or classroom aides as needed. 


ELPS 4.F.9 Use support from peers and teachers to develop grasp of 
language structures needed to comprehend increasingly challenging 


language. 


Section 7.5 363 


Extra Example 1 What You Will Learn 


Solve each equation. P Use the Zero-Product Property. 


Bn ahr = (8) = 0 oreNocabulary.. ® Factor polynomials using the GCF. 


The roots are x = Oandx = 6. Use the Zero-Product Property to solve real-life problems. 
factored form, p. 364 


Be (5) no Zereainese Property, p. 364 Using the Zero-Product Property 
The roots arex = —5 and x = 4. cet roots, p, 365 A polynomial is in factored form when it is written as a product of factors. 
Previous Standard form Factored form 
MONITORING PROGRESS polynomial x2 + 2x Sage ae 2) 
standard form 
ANSWERS ae + 5x-24 (x — 3) + 8) 


i Sey ell greatest common factor ( 
: : monomial When one Ste on an equation is a polynomial in factored form and the other side is 0, 
| = [ moron ane 


use the Zero- ct Property to solve the polynomial equation. The solutions of a 
2 sad p= 6 polynomial eetecon are also called roots. 


G Core Concept 


Zero-Product Property 


Words Ifthe product of two real numbers is 0, then at least one of the numbers 
is 0. 


Algebra If a and b are real numbers and ab = 0, thena = Oor b = 0. 


“EXAMPLE 1 Solving Polynomial Equations 


Solve each equation. 


a. 2x — 4) =0 b. (x — 3)(x — 9) = 0 
SOLUTION 
Check 7 ‘ a. 2x(x — 4) =0 Write equation. ; 
To check the solutions of 2x=0 or x-—4=0 Zero-Product Property 
Example 1(a), substitute a, = Reg 
each solution in the | a 0S0r aa acheter 


original equation. The roots are x = 0 and x = 4. 


200-4) 20 


‘ ls ( = ee = 9) = 0) Write equation, 
—4)=0 . : £=3=0 @F 2=O=0 Zero-Product Property 
| 1 , ono r x=3 or x=9 Solve for x. 
7 i 4 
By 
G4 =O > The roots are x = 3 andx = 9. 
Pie ‘; a 
eC) a « * 
win ere yy v 7 || | Manitarieg Progress ) Help in English and Spanish at BigideasMath.com 
' ' . 
} al es og j i % Solve the equation. Check your solutions. 
1. x%-1)=0 
2 SHE se By = 


th E—Me=Oi=C 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


364 Chapter 7 


When two or more roots of an equation are the same number, the equation has 


Extra Example 2 


PONV idea § Solving Polynomial Equations Solve each equation. 
a. (4x + 5)(4x — 5) =0 
Solve each equation. ee 5 = 5 
ee ae, eee -_ ae The roots are x = Zand x 
: b IGe } 0 @ (Gear INGy = SiGe == a= (0) b | i 6)? 0 
o Ke = 
oS). The equation has repeated roots of 
Gh, (Cease Tike = 7) = 0) Write equation. c=—-6 
ee % 
2x+7=0 Of 26— = Zero-Product Property C. (a ots 5)(a ~ 2a - =O 
x=-i or r=} Solve for x. The roots are a = —5, a = 2, and 
P The roots are x = -i and x = i. a=. 
b. (««-— 1)? =0 Write equation. Extra Example 3 
— Wee Ip 0) E d tion. . 
a cae ae a Factor out the greatest common monomial 
x-1=0 or x-1=0 Zero-Product Property f 3 ) 2 
actor from 12x? + 3x2, 3x2(4x + 1) 
STUDY TIP x=1 or x=1 Solve for x. 
OUNCE Sen ale > The equation has repeated roots of x = 1. 
Zero-Product Property to MONITORING PROGRESS 
products of more than ce (+ DG — 3)@—-2)=0 Write equation. 
two real numbers, : - : ANSWERS 
SPl=0 oc L2=3=0 oF x=—2=0 Zero-Product Property Ae = =) a= at 
BP 5 
Stil OCla x=3 or x=2 Solve for x. 5. b=-7 
P The roots are x = —1, x = 3, andx = 2. 6. d=2,d=-6.d=-8 
Monitoring Progress ) Help in English and Spanish at BigideasMath.com te ISS) 


Solve the equation. Check your solutions. 


4. (3s + 5)(5s + 8) = 0 5. (b+7" =0 6. (d— 2)(d + 6)(d + 8)=0 


Factoring Polynomials Using the GCF 


To solve a polynomial equation using the Zero-Product Property, you may need to 
factor the polynomial, or write it as a product of other polynomials. Look for the 
greatest common factor (GCF) of the terms of the polynomial. This is a monomial 
that divides evenly into each term. 


PN Vigeem Finding the Greatest Common Monomial Factor 
Factor out the greatest common monomial factor from 4x* + 24x3, 


SOLUTION 


The GCF of 4 and 24 is 4. The GCF of x+ and x3 is x7. So, the greatest common 
monomial factor of the terms is 4x°. 


PR So, 4x4 + 2423 = 4x3¢x + 6). 


Monitoring Progress i) Help in English and Spanish at BigideasMath.com 


7. Factor out the greatest common monomial factor from 8y? — 24y, 


Section 7.5 Solving Polynomial Equations in Factored Form 365 


| Visual | 
When using the GCF to factor, some students may benefit from seeing the GCF in each term of the 
polynomial. For example, write 4x* + 24x? in Example 3 as 4x3(x) + 4x3(6). This may help students / 


_ see that 4x3 is a factor of each term and that 4x* + 24x3 = 4x3(x + 6), 


Section 7.5 365 


Extra Example 4 
a. Solve 4x2 + 12x = 0. 


The roots arex = Oandx = —3. 
b. Solve —10a? = 8a. 
The roots area =O anda = a 


Extra Example 5 

You can model the arch of a building 
entrance by using the equation 

y= ~ix + 6)(x — 6), where x and y are 
measured in feet. The x-axis represents 
the ground. Find the width of the arch at 
the ground. 12 feet 


MONITORING PROGRESS 


ANSWERS 
8. a=0,a=-5 
9, s=0,5=3 
10. x=O0.x=35 
ll. 8 ft 
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366 Chapter 7 


EXAMPLE 4 Solving Equations by Factoring 


Solve (a) 2x? + 8x = 0 and (b) 62? = 15n. 


SOLUTION 
a. 2x2 + 8x =0 Write equation. 
2x(x + 4) =0 Factor left side. 
2x =0 or x+4=0 Zero-Product Property 
x=0 or x=—-4 Solve for x. 


> The roots arex =Oandx = —4, 


b. 6n? = 15n Write equation. 
6n? — 15n = 0 Subtract 15n from each side, 
3n(2n — 5) =0 Factor left side. 
3n=0 or 2In-—S5S=0 Zero-Product Property 
n=0 or n= 3 Solve for n. c 
The roots aren = Oandn = 2. 


Monitoring Progress ) Help in English and Spanlsh at BigideasMath.com 


Solve the equation. Check your solutions. 
Seca) 9. 357-95 =0 it, oe = Be 


Solving Real-Life Problems 


EXAMPLE 5 Modeling with Mathematics 


You can model the arch of a fireplace using the equation y = -i(x ae HisyGe = Iki), 
where x and y are measured in inches. The x-axis represents the floor. Find the width 
of the arch at floor level. \ 


SOLUTION 


Use the x-coordinates of the points where the arch meets the floor to find the width. 
At floor level, y = 0. So, substitute 0 for y and solve for x. 


= -i(x + 18)(x — 18) 
0 = —i(x + 18) — 18) 
0 = (& + 18) — 18) 


Write equation. 
Substitute 0 for y. 
Multiply each side by —9. 


x+18=0 ar s = Is =O Zero-Product Property 
x=-18 or x=18 Solve for x. 


The width is the distance between the 1-coordinates, — 18 and 18. 


> So, the width of the arch at floor level is |—18 ~ 18| = 36 inches. 


Monitoring Progress a) Help in Engiish and Spanish at BigideasMath.com 


11. You can model the entrance to a mine shaft using the equation 
1 ; : 
y = —3@ + 4)(@ — 4), where x and y are measured in feet. The x-axis represents 


the ground. Find the width of the entrance at ground level. 


Polynomial Equations and Factoring 


¢ Exit Ticket: Write a polynomial equation that has —6 and 4 as solutions. Sample answer: 
(x + 6)(x — 4) =0 


7. ) Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


ASSIGNMENT 
1. WRITING Expiain how to use the Zero-Product Property to find the solutions of the equation 3x(x — 6) = 0. Basic: 1, 2, 3—39 odd, 42, 44, 48-53 
2. DIFFERENT WORDS, SAME QUESTION Which is different? Find both answers. Average: 1, 2-40 even, 41, 42, 44, 
’ 48-53 
Solve the equation Find the values of k for which 
(2k + 4)(k — 3) = 0. I h= Oophos =a Advanced: 1, 2, 6, 8, 16—24 even, 


28-38 even, 40-53 


Find the value of k for which Find the roots of the equation 
(2k + 4) + (k-3)=0. (2k + 4)(k — 3) = 0. 


HOMEWORK CHECK 


Basic: 3, 9, 25, 33, 39 
Monitoring Progress and Modeling with Mathematics Average: 4, 10, 26, 32, 40 
In Exercises 3-8, solve the equation. (See Examiple J.) 23. Advanced: 8, 16, 28, 32, 40 
3. x04 7) = 0 4. rr— 10) =0 
5. 12Xr—5)=0 6. —2v(v +1) =0 ANSWERS 


1. Set 3x = 0 and x — 6 = 0, then 
solve both of the equations to get the 
solutions x = 0 and x = 6. 

/ 2. Find the value of & for which 

11. (5m + 42 =0 12. (h—- 82 =0 ly = (x — 14)(x = 5) } y= —=0.2(x + 22 — 15)] (2k aR 0 ar (k = 3) — 0; 

, me a _ [he 


(8 = OG = y= 0) 8. 0 +2)0 —6)=0 


In Exercises 9-20, solve the equation. (See Exampic 2.) 


9. (2a — 6)3a + 15)=010. (49 + 3)(g +2) =0 


aS 


3. G— 2g)7—g)=0 14. (2 — 4d)2 + 4d) = 0 In Exercises 25-30, factor the polynomial. 3 x — 034 ——7 

15. ¢zt+2\e-=0 16. Sp(2p—3\p+7)=0 See Bxemzias Ay = 10 
A, See ap aS 26. 6d? — 21d = Ea 

7. (7-40 +8)=0 18. ww—6)2=0 5. t= 0,1=5 
27. 3y3 — 9y? 28. 20.3 + 30x? 6. v=0,v=-1 

19. (15 — 5c)(Se + 5)(—-c + 6) = 0 eo = 

; 29. 5n6 + 2n5 30. 12a* + 8a =H = 

20. (2—n)(6 + 2n)(n — 2) =0 8 y=—-2,y=6 

In Exercises 31-36, solve the equation. (See Exantple 4.) 9 


In Exercises 21-24, find the x-coordinates of the points oe — 3, 2 ==5 


where the graph crosses the x-axis, Be Ge =p iy 32. 6m? + 12m = 0 10 = = q=-2 
21, (y= (x - 8)(x + 8)} 22 (y= + x +7) 33. 25¢c + 10c? =0 34. [Sq 292 — 11. m= -{ 
, 35. 3n?=9n 36. —28r = 47 12. h= 
18 e=te=F 
37. ERROR ANALYSIS Describe and correct the error in g 28 
solving the equation. i, gd=lLag=—t 
: > 7 
x 6x(x + 5) =O 18. z=0,z= —-2,z=1 
ain | 16. p=0,p=3,p=-7 
x=-5 


i, pea p= —s8 

18. w=0,w=6 

Section 7.5 Solving Polynomial Equations in Factored Form 367 1, @=Ae= —1¢=6 
Al, p= 2 = =% 

21. x=8,x = —8 

Wy, SxS = =7 

23. x= 14,x=5 

24. x= —-22,x= 15 


The root is x = —5, 


34. g=0,¢ =9 
35. n=O0,n=3 


36. r=0,r=—-7 
37. also need to set 6x = 0 and solve; 6x = 0 Be os 7) 
orx +5 =0;x = 0orx = —5S; The roots 26. 3d(2d — 7) 
are x = Oandx = —S. 27. 3y7(y— 3) 
28. 10x2(2x + 3) 
29. (Sn + 2) 
30. 4a(3a? + 2) 
31. p=0,p=4 
32. m=0,m = —2 
33. c=0,c=—3 


Section 7.5 367 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


ati eS 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

38. cannot divide both sides by y, because 
y could be 0 and division by 0 is 
undefined; 3y2 — 21y = 0; 

3y(y — 7) = 0; 3y = Dory —-7 = 0; 
y = Oor y =7; The roots are y = 0 
and y = 7. 

20 ft 

a. 630 ft 

b. 630 ft 


x = 0, x = 0.3 sec: The roots 
represent the times when the penguin 
is at water level. x = 0 is when it 
leaves the water, and x = 0.3 second 
is when it returns to the water after 
the leap. 


39. 
40. 


41. 


42. —; +; The point of intersection on 
the positive x-axis is farther from the 
origin than the point of intersection 
on the negative x-axis, so the positive 
solution to the equation will be the 


one with the greater absolute value. 


43. 2; x-intercepts occur when y = O and 


the equation has 2 roots when y = 0. 


44. no; Ifa =, then there is a repeated 
root and the graph will only have one 


x-intercept. 


45-52. See Additional Answers. 


Mini-Assessment 


Solve the equation. 


ils SxGe = 4) = © 
The roots are x = Oandx = 4, 


. (Bee +E Eke = 8) = 
The roots are x = -§ and x = 3 


. 3x2 + 21x =0 
The roots are x = 0 andx = —7. 


. Factor out the greatest common 
monomial factor from 6x4 + 8x3. 
2x3(3x + 4) 


. You can model the entrance to 
a train tunnel using the equation 
y= —2(x + 8)(x — 8), where 
x and y are measured in feet. The 
x-axis represents the ground. Find 
the width of the entrance at ground 
level. 16 feet 
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38. ERROR ANALYSIS Describe and correct the error in 


solving the equation. 


x 


aye = Bly 
Sy=21 
y=7 
The root is y= 7. 


39. MODELING WITH MATHEMATICS The entrance of a 
tunnel can be modeled by y = —E( — 4\(x — 24), 
where x and y are measured in feet. The x-axis 
represents the ground. Find the width of the tunnel 


at ground level. (See Example 5.) 


40. 


MODELING WITH MATHEMATICS The 

Gateway Arch in St. Louis can be modeled by 

a (x + 315)(v — 315), where x and y are 
measured in feet. The x-axis represents the ground. 


= 


| tallest point | 


a 


a. Find the width of the arch at ground level. 


b. How tall is the arch? 


41. MODELING WITH MATHEMATICS A penguin leaps 
out of the water while swimming. This action is called 
porpoising. The height y (an feet) of a porpoising 
penguin can be modeled by y = —16x? + 4.8x, where 
x is the time (in seconds) since the penguin leaped 

out of the water. Find the roots of the equation when 

y = 0. Explain what the roots mean in this situation. 


42. HOW DO YOU SEE IT? Use the graph to fill in each 
blank in the equation with the symbol + or —. 


Explain your reasoning. 


Gs Gs) 


43. CRITICAL THINKING How many x-intercepts does the 


graph of y = (2x + 5)(x — 9)* have? Explain. 
44. MAKING AN ARGUMENT Your friend says that the 
graph of the equation y = (x — a)(x — b) always has 
two x-intercepts for any values of a and b. Is your 
friend correct? Explain. 
45. CRITICAL THINKING Does the equation 


(x? + 3)(x4 + 1) = 0 have any real roots? Explain. " 


46. THOUGHT PROVOKING Write a polynomial equation 
of degree 4 whose only roots are x = 1, x = 2, and 
x=3. 


47. REASONING Find the values of x in terms of y that 


are solutions of each equation. 
a. (x + y)(2x — y) = 0 
[hs (CE = SOG a IG) = 0 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


List the factor pairs of the number. 
48. 10 
50. 30 
52a 
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If students need help... 


Resources by Chapter 
e Practice A and Practice B 


e Puzzle Time 


Student Journal 
© Practice 


(Skills Review Handbook) 
49. 
. 48 


18 


53 a! 


Polynomial Equations and Factoring 


Resources by Chapter 
© Enrichment and Extension 
* Cumulative Review 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


| 
7.1-7.5 What Did You Learn? 


Core Vocabulary 


monomial, p. 338 standard form, p. 339 factored form, p. 364 

degree of a monomial, p. 338 leading coefficient, p. 339 Zero-Product Property, p. 364 
polynomial, p. 339 closed, p. 340 roots, p. 364 

binomial, p. 339 FOIL Method, p. 347 repeated roots, p. 365 
trinomial, p. 339 polynomial long division, p. 358 S 

degree of a polynomial, p. 339 synthetic division, p. 360 


Core Concepts 


Section 7.1 
Polynomials, p. 339 Subtracting Polynomials, p. 340 
Adding Polynomials, p. 340 


Section 7.2 
Multiplying Binomials, p. 346 Multiplying Binomials and Trinomials, p. 348 
FOIL Method, p. 347 


Section 7.3 
Square of a Binomial Pattern, p. 352 Sum and Difference Pattern, p. 353 


Section 7.4 
Polynomial Long Division, p. 358 Synthetic Division, p. 360 


Section 7.5 
Zero-Product Property, p. 364 Factoring Polynomials Using the GCF, p. 365 


Mathematical Thinking 


1. Explain how you wrote the polynomial in Exercise 11 on page 355. Is there another 
method you can use to write the same polynomial? 


2. Find a shortcut for exercises like Exercise 7 on page 367 when the variable has a 
coefficient of 1. Does your shortcut work when the coefficient is not 1? 


a ao Study Skills - - - - - 
Preparing for 
a Test 


e Review examples of each type of problem that could 
appear on the test. 


¢ Review the homework problems your teacher assigned. 
e Take a practice test. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


IR 


Sample answer: Represent the 


sides as x + 4 and use the square of 
a binomial pattern; Yes, you could 


calculate the area of each shaded 


region and add those areas together. 


The solutions are the constant terms 


with the opposite sign; no 


Chapter 7 


369 


ANSWERS 7.1-7.5 Quiz 


1. —8q?; 3; —8; monomial 
2. 3z4 + 7.422 — 1.3z; 4; 3; trinomial 
Write the polynomial in standard form. Identify the degree and leading coefficient of the 
SE sae) polynomial. Then classify the polynomial by the number of terms. (Section 7.1) 
4. —5n + 16 1, -8¢ Nyse 
S. Op yp = 1S 
6. —2ab + 2b2 Find the sum or difference. (Section 7.1) 
7. w? + 13w + 42 3. (2x +5) + (—x + 4) Re (sae i= (a= 7) 
8. —8d? + 26d — 15 CS, (ye? $e i) = (i? = Sin = 1S) 6. (a? — 3ab + b?) + (—a? + ab + b?) 
9. y3 + 1ly? + 1Sy — 27 
10. 97? — 25 Find the product. (Section 7.2 and Section 7.3) 
11. 2 + 10¢ + 25 7. (w+ 6)(w +7) 8. (3 — 4d)(2d — 5) 9. (y + 9)(y2 + 2y — 3) 
4 2 
1, ag = Dalae se BE id: Ge= SiGe 5) lh @ 2 SP (2, CaP = OF 
6 
13. 
2x — 1} Divide. (Section 7.4) 
ideo 43 Wek (Sear D) = (Ze = Il) Wah (OR = Gore 4b I) a (he ce St) 1G. (Ee = 1) = @ = 4) 
Bye se S 
06 Solve the equation. (Section 7.5} 
15. 7x + 28 + ——— 
x4 1G Se = ie =o to (8 = Be = @) =O 
16. x=0,x= 18. Gp +7)Gp — 7p + 8)=0 19. —3y(y — 8\2y + 1) =0 
17. g= 
18. p= —f p= i, p=-8 20. You are making a blanket with a fringe border of equal width on each ie ; xin. 
= a eal side. (Section 7.1 and Section 7.2) i va te : 
Oo a i : ; 
: a. Write a polynomial that represents the pcrimeter of the blanket 
20. a. (8x + 240) in. including the fringe. 
b. (4x? + 240x + 3456) in.2 b. Write a polynomial that represents the area of the blanket including 
: : the fringe. 
c. 272 in.; 4480 in2 ae oe . 
5 c. Find the perimeter and the area of the blanket including the fringe 
21. a. 1000r° + 2000r + 1000 when the width of the fringe is 4 inches. 
b. $1060.90 
c. no: The balance after 3 years is 21. You are saving money to buy an electric guitar. You deposit $1000 in an account that earns 
; i hia ’ interest compounded annually. The expression 1000(1 + r)? represents the balance after 
represented by : © eAPICeslor 2 years, where r is the annual interest rate in decimal form. (Section 7.3) 
1000(1 + 0.03)", which is only a. Write the polynomial in standard form that represents the balance of your account 
about $1092.73. after 2 years. 
ppd alah syA, b. The interest rate is 3%. What is the balance of your account 


after 2 years? 


c. The guitar costs $1100. Do you have enough money in your 
account after 3 years? Explain. 


22. The front of a storage bunker can be modcled by 
y= s(x — 72)(x + 72), where x and y are measured 


in inches. The x-axis represents the ground. Find the width 
of the bunker at ground level. (Section 7.5) 


| 370 Chapter 7 Polynomial Equations and Factoring 


370 Chapter 7 


Factoring x2 + bx + c 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Essential Question How can you use algebra tiles to factor the 


3 TEXAS ESSENTIAL trinomial x? + bx + ¢ into the product of two binomials? Lesson Planning Tool 


KNOWLEDGE AND SKILLS 


ae >CReLYNGe)\ em Finding Binomial Factors 


Work with a partner. Use algebra tiles to write each polynomial as the product of 
two binomials. Check your answer by multiplying. 
ut 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 


Sample x? + 5x +6 


Step 1 Arrange algebra tiles that Step 2 Use additional algebra tiles 
model x? + 5x + 6 into a to model the dimensions of 
rectangular array. the rectangle. A.8.A The student is expected to solve 


quadratic equations having real solutions 
by factoring, taking square roots, 
completing the square, and applying the 
quadratic formula. 

A.10.E The student is expected to factor, 
if possible, trinomials with real factors in 
the form ax? + bx + c, including perfect 
square trinomials of degree two. 


Step 3 Write the polynomial in factored form using the dimensions of the rectangle. 
Cath) (eat) 
Avedon xe 6 — Or 2)Ca 3) 
a¢-3+2- b. 2+ 5x +4 = 


ANSWERS 
fa G2) 


I, (Gear IGP ae 25) 
__EsskoEy 


aex-ik+l- iii d.xt+7x+ 125 


c. 
REASONING 
To be proficient in math, 
you need to understand a ‘ 
situation abstractly and Communicate Your Answer 
represent it symbolically. 5 
2. How can you use algebra tiles to factor the trinomial x* + bx + c into the product 
of two binomiais? a a) i) 
3. Describe a strategy for fi i i ial x? S Bid 
; gy for factoring the trinomial x* + bx + c that does not use 
algebra tiles. p +) ai 9 | 
Section 7.6 Factoring x2 + bx + ¢ 371 d. (x + 4x + 3) 


___)es esas, 


= on i 
; ee ey) + \- 4) + 

For a section overview and insights into this Exploration page, 4 4 4 4 
see Laurie’s Notes at BigideasMath.com. +) GB 4H) H) 4) 
aoii __ esas) 

3. Find two integer factors of c that have a +a 4 4 4) 
sum of b, then write the binomial factors by +) a 4) 4) 4) 


adding each integer factor to x. 
2. Arrange algebra tiles that model the 
trinomial into a rectangular array, 
use additional algebra tiles to model 
the dimensions of the rectangle, then 
write the polynomial in factored form 
using the dimensions of the rectangle. 
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Extra Example 1 What You Will Learn 


Factor x2 + 9x + 14. Pm Factor x? + bx +c. 


(x + 2)(x + 7) C V l P Use factoring to solve real-life problems. 


Previous Factoring x2 + bx + ¢ 
Soles Writing a polynomial as a product of factors is called factoring. To factor x* + bx + c 


as (x + p)(x + q), you need to find p and g such that p + q = b and pg =c. 


MONITORING PROGRESS 
ANSWERS 

Il, (Gear INGe a+ &) 

Mp (Ge ae IGE ae 8) 


Zero-Product Property 


(x + p)& + g) = x? + px + gx + pq 


=x? + (p + q)x + pq 


G) Core Concept 


Factoring x? + bx + ¢ When c Is Positive 
Algebra x2 + bx +co= (+ phx t+ q whenp + g = band pg =c. 


When c is positive, p and g have the same sign as b. 
Examples x? + 6x+5=(x 4+ 1)(x+ 5) 
x? —6x+5=(¢- Da -5) 


EXAMPLE 1 Factoring x? + bx + ¢ When b and ¢ Are Positive 


Factor x2 + 10x + 16. 


SOLUTION 
Notice that b = 10 andc = 16. 


« Because c is positive, the factors p and g must have the same sign so that pg 
is positive. 


« Because D is also positive, p and g must each be positive so that p + q 
is positive. : 


Find two positive integer factors of 16 whose sum is 10, 


Check 

Use the FOIL Method. F Factors of 16 oh sum of factors | 

(x + 2)(x + 8) 1, 16 a 
7 M a iG 2, 8 10 The values of p and q are 2 and 8, 
= Fal 10x wr J ‘ | ea 8 


RP So, + 10x + 16 = (+ 2) + 8). 
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Factor the polynomial. 


ik, 32 ab These 


2. x74+9x4+8 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


English Language Learners. 


Pair Activity 

Have students work in pairs to factor polynomials. Each student factors a different polynomial. 

Then students take turns explaining their solutions to their partners. 
\ 


SS — — ae 
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EXAMPLE 2 Factoring x* + bx + c When b Is Negative and 
cls Positive 


Factor x? — 8x + 12. 


SOLUTION 
Notice that b = —8 and c = 12. 


* Because c is positive, the factors p and g must have the same sign so that pq 
is positive. 


* Because b is negative, p and g must each ¥e negative so that p + g is negative. 


Find two negative integer factors of 12 whose sum is ~8. 


Check 
Use the FOIL Method. Factors of 12 1, -—12 2), 15) | By 

2 : ! om 
G= DE =o) Sum of factors 13 | =o || =7 | 


=x2—6x—-2x+12 


= 2 aii 


The values of p and g are —2 and —6. 


RP So,x? - 8x+ 12 =(x- 2) - 6). 


G Core Concept 


Factoring x2 + bx + ¢ Whenc Is Negative 
Algebra x2 + bx +c = (x + p)(x + g) whenp + q = band pq =. 


When c is negative, p and g have different signs. 
Example x2 — 4x—5 =(x+ I)@— 5) 


EXAMPLE 3 Factoring x* + bx + c When c Is Negative 


ieeieltenae 4 abe = ZL 


SOLUTION 
Notice that b = 4 and c = ~21. Because c is negative, the factors p and g must have 
different signs so that pq is negative. 
Check : ' ; 
Find two integer factors of —21 whose sum is 4. 
Use the FOIL Method. 
(Ge= BiGe ae 2} | Factors of -21 | —21,1 = [25 | -7,3 | -3.7 ] 
Eee — : Se 
a) a es = = | 
a ap The = Ske Dl | Sum of factors 20 20 | 4 4 
Se ache eal v The values of p and g are —3 and 7. 


me - j 
P So,x? + 4x —21 = (x — 3)(x + 7). 
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Factor the polynomial. 


3. w2-—4wt+ 3 4. n?— 12n + 35 
5. 2 — l4x 4+ 24 6. x2 + 2x — 15 


i, Wap Iai = 2x0) Gh We = yoy 


Section 7.6 Factoring x? + bx +c 373 


Extra Example 2 
Bacto 12x 27. 
(x ~ 3)(x — 9) 


Extra Example 3 
FaGitnne x — 6. 
(x — 1)(x + 8) 


MONITORING PROGRESS 


ANSWERS 
3, GvGy = 3) 
= 
5. 2a) 
i (Ge = Bee sk Sy 
LE Os 1G 2a ils) 
8. (v + 6)(v — 7) 


Section 7.6 
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Extra Example 4 

A gardener plants a rectangular lettuce 
patch in the southwest corner of a square 
garden. The area of the lettuce patch is 
120 square feet. What is the area of the 
square garden? 


s ft 


Spit 
“i 


ls ft 


—__.. ie a i 


— 


400 square feet 


MONITORING PROGRESS 


ANSWERS 
9. 2500: 


Closure 


¢ Explain your strategy for factoring 
the following polynomials. 
Bik So eons) 
b. x2 + 2x — 15 (x + 5) 
c. x2 + 8x + 15 (x + 5) 
d. x2 — 8x + 15 (x — 5) 
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40 ia! 


STUDY TIP 


The diagram shows that 
the side length is more 
than 40 meters, so a side 
length of 10 meters does 
not make sense in this 
situation. The side length 
is 60 meters. 
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Solving Real-Life Problems 


“EXAMPLE 4 Solving a Real-Life Problem 


A farmer plants a rectangular pumpkin patch in the northeast corner of a square plot 
of land. The area of the pumpkin patch is 600 square meters. What is the area of the 
square plot of land? 


SOLUTION 


1. Understand the Problem You are given the area of the pumpkin patch, the 
difference of the side length of the square plot and the length of the pumpkin 
patch, and the difference of the side length of the square plot and the width of the 
pumpkin patch. 


2. Make a Plan The length of the pumpkin patch is (s — 30) meters and the width is 
(s — 40) meters. Write and solve an equation to find the side length s. Then use the 
solution to find the area of the square plot of land. 


3. Solve the Problem Use the equation for the area of a rectangle to write and solve 
an equation to find the side length s of the square plot of land. 
600 = (s — 30)(s — 40) 
600 = s? — 70s + 1200 
0 = s*? — 70s + 600 
0 = (s — 10)(s — 60) 
S=0=0 oF s=a@=0 
s=10 or s= 60 


Write an equation. 

Multiply. 

Subtract 600 from each side. 
Factor the polynomial. 
Zero-Product Property 

Solve for s. 


> So, the area of the square plot of land is 60(60) = 3600 square meters. 


4. Look Back Use the diagram to check that you found the correct side length. Using 
s = 60, the length of the pumpkin patch is 60 — 30 = 30 meters and the width is 
60 — 40 = 20 meters. So, the area of the pumpkin patch is 600 square meters. This 
matches the given information and confirms the side length is 60 meters, which 
gives an area of 3600 square meters. 
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9. WHAT IF? The area of the pumpkin patch is 200 square meters. What is the area 
of the square plot of land? 


Concept Summary 


Factoring x2 + bx + cas (x + p)(x + q) 


The diagram shows the relationships between the signs of b and c and the signs 
of p and q. 


x? + bx + o=(x+ p)(x + q) 
cis positive. 
bis positive. 

pandq 
are positive. 


cis positive. 
bis negative. 


pandq 
are negative. 


c is negative. 


pand q have 
different signs. 


Polynomial Equations and Factoring 


guide for their work. 


Question 9. 


SUPPORTING English Language Learners 


| Present the material on page 374 orally. Have students work in pairs and collaborate with one 
another to complete Monitoring Progress Question 9. Remind students to refer to Example 4 as a 


Beginning/Advanced Advanced students clarify information for beginners as they work through 


Intermediate/Advanced High Students clarify information for one another as needed. 


ELPS 2.1.4 Demonstrate listening comprehension of increasingly complex spoken English by 
collaborating with peers commensurate with content and grade-level needs. 


7.6 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 
Homework Check = _ 


Vocabulary and Core Concept Check 


ASSIGNMENT 


Basic: 1, 2, 3—29 odd, 39, 41, 46, 
52-55 


Average: 1, 2-40 even, 41, 46, 47, 


1. WRITING You are factoring x? + 11x — 26. What do the signs of the terms tell you about the factors? 
Explain. 


2. OPEN-ENDED Write a trinomial that can be factored as (x + p)(x + g), where p and gq are positive. 


52-55 
Monitoring Progress and Modeling with Mathematics Advanced: 1, 2, 8, 14, 22-28 even, 
~~ 36-38 even, 40-55 
In Exercises 3-8, factor the polynomial. (See Example J.) 26. MODELING WITH MATHEMATICS A dentist’s office 
2 2 and parking lot are on a rectangular piece of land. The 
Slo OS ap ie ae 7 4. 72+ Oz 21 area (in square meters) of the land is represented by HOMEWORK CHECK 
5. n?+9n + 20 6. s+ Ils +30 ae Basic: 3, 9, 15, 39 
_—<$—$<— Fe Average: 4, 10, 16, 40 
7. W+ 11h + 18 8. y2 + 13y + 40 - 
Advanced: 8, 14, 22, 40 
In Exercises 9-14, factor the polynomial. (x —8)m 
(See Example 2.) 
2 ue 
@. (2 = Siar a 1, G2 = eke se 2 ANSWERS 
ie #2 = Sel ae (6 Wak? Ok 24 ---— (x + 6) m ——— 1. They have opposite signs; 
ee ee When factoring 
“el, we ips ay 14. j2 - 13) + 42 a. ae am that represents the width o Pai are (x + pix + @), ‘€ 
: , c is negative, p and g must have 
In Exercises 15-24, factor the polynomial. b. Find the area of the land when the length of the 8 3 P 4 
(See Example 3.) dentist’s office is 20 meters. opposite signs. 
. 2 tea 2. Sample answer: x2 + 5x + 6 
ace iin Me fa ERROR ANALYSIS In Exercises 27 and 28, describe and 5 : 4 
‘, yee da = 1 im ay A) correct the error in factoring the polynomial. 3. @& + D@ +7) 
37. al. @ar 3N@ se F) 
19. y?+ 2y — 48 20. h? + 6h — 27 
a x 2+ 14x + 48 = (x+ 4)(x+ 12) Sa) 
Ae Go = = BO) Pek HE = Lip = Ti 6. (a) 0) 
Te = 2D) 
2B, == ese 24. -Ty + y?— 30 28. 
a sha 8 (y + 5)(y + 8) 
; s* — 175— 60 = (s— 5)(s— 12) 
25. MODELING WITH MATHEMATICS A projector 9 vV-Dw-4) 
displays an image on a wall. The area (in square feet) 
of the projection is represented by x? — 8x + 15. ; " MD, Gs Qos = IN), 
Re nee calahiai In Exercises 29-38, solve the equation. tk (d= a3) 
represents the height 29. m2 +3m+2=0 30. n?—-9n+18=0 12. (k — 4\(k - 6) 
of the projection. 
: F 31. x2+5x- 14=0 32. + liv—-26=0 13. (w — 8)\(w — 9) 
b. Find the perimeter of 14 -— 67-7 
the projection when B30 ee sh 36 cv Mey = a UY NG) ) 
the oe of the wall 15. («- 1)(x+ 4) 
is 8 feet. = = Fyo hs 
35. a* + 5a — 20 = 30 6, = Bye 8S 7 16. (z—2)(2 + 9) 
37. m?+10= 15m —34 38. 6? +5=8b— 10 17. (n— 2)(n + 6) 
Ie (6 = SG Ps 
Section 7.6 Factoring x2 + bx + ¢ 375 ( x ) 
19. (y— 6)(y + 8) 
205 (ie eS) 
21. (x + 4)(x — 5) 
31. x =2,x=-7 22. (m+ 1)\(m—7) 
32. v=2,v= —13 23. (t+ 2\(t — 8) 
384 #= — 3,70 S SB 24. (y + 3\y — 10) 
34. n= —3,n=8 25. a. (x—5)ft 
35. a=5,a=—10 b. 16ft 
SOs => 26Sca5 us = ym 
37. m=4,m=11 b. 390 m2 
38. b=3,b=5 27. 4+ 12 isnot 14; = (+ 6) + 8) 


28. cis —60, so the signs of the factors 
must be opposite; = (s + 3)(s — 20) 

MD), p= =), = =F 

30. n=3,n=6 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic ree 


ANSWERS 
39. 100 in.? 


40. a. Gin. 
b. length: 13 in., width: 8 in. 


41. yes; p and g must be factors of —12 
that have a sum of b, and —12 has 
6 sets of integer factors, —1 and 12, 
=) aroal(é, —3 auoral al, —2l novel 3), 
—6 and 2, and —12 and 1. 


AQ. Bh, 


2a RE Me 4 4) 
43. length: 11 ft, width: 4 ft 
44, base: 10 m, height: 7m 
45. x? — 2x — 24 = 0; Multiply 
(Ge sp ANG: = ©), 
46. a. Look for the x-intercepts and 
substitute them for p and g in 
G— pix aq). 
lb, Ge Dyer sr 3) 
40, fi, 3 ab Bae 
b. —x? + 38x = 280; 10m 
48. (x + 2y)(x + 4y) 
49. (r+ 3s\(r + 4s) 
50. (a — 2b)(a + 13b) 
Sule (Ge sr Sue = 7h) 
52. Sample answer: 2x + 2y = —12, 


year Sy = — Is 
53. Sample answer: 4x + 2y = 6, 
2xt+y=3 


54-55. See Additional Answers. 


Mini-Assessment 


Factor the polynomial. 


1. x2 + 13x + 12 (x + 1)(x + 12) 
2. x2 — 14x + 40 (x — 4)(x — 10) 
3. x2 + 3x — 54 (x — 6)(x + 9) 
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Hse TE RB ioe 


39. MODELING WITH MATHEMATICS You trimmed a 
large square picture so that you could fit it into a 


frame. The area of the cut picture is 20 square inches. 


What is the area of the original picture? 
(See Example 4.) 


FE —5 in.—4 


» xin. 


40. MODELING WITH MATHEMATICS A web browser is 
Open on your computer screen. 


He— (x + 7) in. —4 


a. The area of the browser window is 24 square 
inches. Find the length of the browser window x. 


b. The browser covers + of the screen. What are the 
dimensions of the screen? 


41. MAKING AN ARGUMENT Your friend says there 
are six integer values of b for which the trinomial 
x? + bx — 12 has two binomial factors of the form 
(x + p) and (x + q). Is your friend correct? Explain. 


42. THOUGHT PROVOKING Use algebra tiles to factor 
each polynomial modeled by the tiles. Show 
your work. 


‘Bgecsess 
“wmuneess 


MATHEMATICAL CONNECTIONS In Exercises 43 and 44, 
find the dimensions of the polygon with the given area. 


43. Area = 44 ft? 44, Area = 35 m? 
(x — 12) ft 
(g-—11)m 
(«= 5) ft i) 
(g — 8)m 


45. REASONING Write an equation of the form 
x? + bx + c = 0 that has the solutions x = —4 
and x = 6. Explain how you found your answer. 


46. HOW DO YOU SEE IT? The graph of y = x7 + x — 6 
is shown. 


a. Explain how you can use the graph to factor 
the polynomial x? + x — 6. 


b. Factor the polynomial. 


47. PROBLEM SOLVING Road construction workers are 
paving the area shown, 


a. Write an expression 
that represents the 
area being paved. d 

\TRELTEI A 


b. The area 
being paved is 
280 square meters, 
Write and solve 
an equation to find 
the width of the road x. 


5 


Litaa see) 
LLL LES FI 


USING STRUCTURE In Exercises 48-51, factor the 
polynomial. 


48. x2 + 6xy + 8y* AQ), fae Ties ak Ds? 


50. a2 + llab — 26b? 51. x2 — 2xy — 35y? 


Ma inta ining Mathematical Proficiency Reviewing what you Jearned in previous grades and lessons 


Write two equations in standard form that are equivalent to the given equation. (Section 4.3) 


52. x +y=-6 53. 8x + 4y = 12 
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Ml, See sp Ss 7 55. —2x + 6y = 10 


Polynomial Equations and Factoring 


If students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


If students got it... 


Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Maoaicatns dhe lesen 
Skills Review Handbook 


foe Las eae eee 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
ABA 


A.10.D 
A10.E 


SELECTING TOOLS 


To be proficient in math, 
you need to consider the 
available tools, including 
concrete models, when 
solving a mathematical 
problem. 


b. 4x2 + 4x — 3 = 


Factoring ax? + bx +c 


Essential Question How can you use algebra tiles to factor the 


trinomial ax? + bx + c into the product of two binomials? 


Saike) Nile Finding Binomial Factors 


Work with a partner. Use algebra tiles to write each polynomial as the product of 


two binomials. Check your answer by multiplying. 


Sample 2x? + 5x + 2 


Step 1 Arrange algebra tiles that 
model 2x? + 5x + 2 intoa 


rectangular array. 


the rectangle. 


Step 2 Use additional algebra tiles 
to model the dimensions of 


Step 3 Write the polynomial in factored form using the dimensions of the rectangle. 


(width length 
¥ 
Area = 2x2 + 5x +2 = (x + 2)(2x + 1) 


a. 3x? + 5x+2= 7 | 


c. 2x4 - 1llx+5= 


Communicate Your Answer 


2. How can you use algebra tiles to factor the trinomial ax* + bx + c into the 


product of two binomials? 


3. Is it possible to factor the trinomial 2x? + 2x + 1? Explain your reasoning. 


Section 7.7 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Factoring ax? + bx + ¢ 
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Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.8.A The student is expected to solve 
quadratic equations having real solutions 
by factoring, taking square roots, 


completing the square, and applying the 
quadratic formula. 


A.10.D The student is expected to rewrite 
polynomial expressions of degree one and 
degree two in equivalent forms using the 
distributive property. 

A.10.E The student is expected to factor, 
if possible, trinomials with real factors in 
the form ax? + bx + c¢, including perfect 
square trinomials of degree two. 


ANSWERS 
1 a. (+ 1I)Gx+ 2) 


= 
J + = - 
vo 
Ss 
~ 
| 


a 


eG 
| ] 
2 9 
bb 
Ca 


& = Ser— i) 


2. Arrange algebra tiles that model the 
trinomial into a rectangular array, 
use additional algebra tiles to model 
the dimensions of the rectangle, then 
write the polynomial in factored form 
using the dimensions of the rectangle. 


3. no; There is no way to model this 
expression as a rectangular array. 
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Extra Example 1 What You Will Learn 


Factor 4x2 + 32x + 60. > 
A(x + 3)(x + 5) 


Factor ax? + bx +c. 
p> Use factoring to solve real-life problems. 


eee ae Previous Factoring ax? + bx +c 
xtra xamp e Belymomnia! In Section 7.6, you factored polynomials of the form ax? + bx + c, where a = 1. To 


greatest common factor (GCF) 


Factor each polynomial. 
Zero-Product Property 


a. 2x2 + 7x +6 
(2x + 3)(x + 2) 

b. 4x2 — 7x + 3 
ye = Shibe = 1) 


factor polynomials of the form ax* + bx + c, where a # 1, first look for the GCF of 
the terms of the polynomial and then factor further if possible. 


EXAMPLE 1 Factoring Out the GCF 


Factor 5x? + 15x + 10. 


SOLUTION 


For classroom suggestions on Notice that the GCF of the terms 5x”, 15x, and 10 is 5. 


teaching this lesson, see Laurie’s 


‘ 5x2 + 15x + 10 = 5(x? + 3x + 2) 
Notes at BigideasMath.com. 


Factor out GCF. © 


= Siecr Iyer tb 2) Factor x? + 3x + 2. 


RP So, 5x2 + 15x + 10 = 5(x + 1) + 2). 


When there is no GCF, consider the possible factors of a and c. 


EXAMPLE 2. 


Factoring ax? + bx + c When ac Is Positive 


Factor each polynomial. 


ay, abe: 45 ily ap 3 [, Sar? = Fe sb D 


STUDY TIP 


You must consider the 
order of the factors 

of 3, because the middle 
terms formed by the 
possible factorizations 
are different. 


SOLUTION 


a. There is no GCF. so you need to consider the possible factors of a and c. Because 
b and c are both positive, the factors of c must be positive. Use a table to organize 
information about the factors of @ and c. 


Factors [ Factors | 
f 4 f 3 
fe} fe} i | 
1,4 | Tee (x + 1)(4x + 3) 3x + 4y =e 


| 
1.4 | a1 G+3yar+ 1) | + leeees 
L 2,2 | ies (Or Gx 3) tere or =e x 


RP So, 4x2 + 13x +3 =(@+4 34x 4 1). 


Possible 


factorization id 


é 


\ x 


b. There is no GCF, so you need to consider the possible factors of a and c. Because 
b is negative and ¢ is positive, both factors of c must be negative. Use a table to 
organize information about the factors of @ and c. 


Factors Factors Possible 
of 3 of 2 factorization palleeliois 2009 
| 1s -1,-2 (x- 1x -2) | -2x~-3x=—-Sx | X 
[ eS 2) = =I (Ge = 2 YGke = JL) { =, (ny S| he / 
PB So, 3x? — 7x + 2 = (x — 2)(3x — 1). 
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Differentiated. instruction 


Visual 
Some students may benefit from Factors | Factors 
seeing different colors used to ote 

highlight a, b, and c in a polynomial 


Possible 


factorization Middle term 


394 ae Ay = ox 


378 Chapter 7 


and to show the corresponding factors 
and middle term in a table. Provide 


a polynomial and table like the one 


shown below for students to use as 


- a visual reference. 


Ax? + 13x + 3 (in Example 2 


(Kei Axes) 


(1x + 3)(4x + 1) 


X + 12x = 13x 


(2x + 1}(2x + 3) 


Ox no 


STUDY TIP 


When a is negative, factor 
—1 from each term of 

ax? + bx + c. Then factor 
the resulting trinomial as 
in the previous examples. 


DON eee Factoring ax? + bx + c When ac Is Negative 


Factor 2x? — 5x — 7. 


SOLUTION 


There is no GCF, so you need to consider the possible factors of a and c. Because c is 
negative, the factors of c must have different signs. Use a table to organize information 
about the factors of a and c. 


= 


| el mena | Middle tenn 
il, 2 1,-7 ee (2x — 7) ecteceoveeccan |v 
il, 2 ei @+7Qx=1) | —x+i4x=13x | X 
il, 2 : =1,7 it (-DO@x+7) | Ter dea Se x 
| 42 ai @—7)Qx+1) | x l4e= —13x x 


PR So, 2x? — 5x —7=(x + 1)(2x- 7). 


PONV eae Factoring ax* + bx + c Whena Is Negative 


Factor —4x? — 8x + 5. 


SOLUTION 
Step 1 Factor —1 from each term of the trinomial. 
—4y? — 8x + 5 = —(4x2 + 8x — 5) 


Step 2 Factor the trinomial 4x* + 8x — 5. Because c is negative, the factors of c 
must have different signs. Use a table to organize information about the 
factors of a and e. 


= ia ; ie 
Factors Factors Possible middie tern 

of 4 of —5 factorization 

eee | Sami 6 CL) Geis) fe oa x 
1.4 So Meet cee 5 20 19% x 
1,4 ais (x — 1)(4x + 5) Se x 
1,4 [Ge Gs i) | a Oe x 

2? to. Rs Ok = 5) 0 ee x 
22 | 1,5 |[@x-W@r+5)| Wx-2e=8& | v 


PR So, —4x7 — 8x + 5 = —(2x — 1)(2x + 5). 
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Factor the polynomial. 


ih Ree = Nose ce 2 2. 14x2 + 3ix+ 15 3, Qe = Fhe se S) 
Al, Bye = We te 5, bee = ise = & 6. 6x2 + x — 12 
i =Dye = Sy = 3 8. —5m? + 6m — 1 


9. —3x7~x+2 


Section 7.7 
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Extra Example 3 
Factoh sx-— 7x 6) 
(x — 3)(3x + 2) 


Extra Example 4 
Foctoy os ay 2 
—(3x — 1)(3x + 2) 


MONITORING PROGRESS 


ANSWERS 
il, Ge = Ge — ©) 


(ibe se SNOB ap 3) 
5 (Ge = Ieee = sD) 
Gr Da 4) 


(Abe ae Ge = 5) 
(Be se Bare — aly 
Sy Tyr) 
=a = IG = 1) 
=(av se WGae = 2) 


Pe PAIANEYWN 


Section 7.7 


379 


Extra Example 5 

The length of a rectangular garden is 

4 yards less than twice the width. The area 
of the garden is 96 square yards. What is 
the width of the garden? The width of the 
garden is 8 yards. 


MONITORING PROGRESS 


ANSWERS 
10. 8 mi 
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Check 

Use mental math. 

The width is 5 miles, so the 

length is 5(2) + 1 = 11 miles 

and the area is ee , 

5(11) = 55 square miles. J d 
’ ") ew 


Solving Real-Life Problems 


EXAMPLE 5 Solving a Real-Life Problem 


The length of a rectangular game reserve is 

1 mile longer than twice the width. The area 
of the reserve is 55 square miles. What is the 
width of the reserve? 


SOLUTION 


Use the formula for the area of a rectangle to 
write an equation for the area of the reserve. 
Let w represent the width. Then 2w + | 
represents the length. Solve for w. 


w(i2w+1)=55 Area of the reserve 


2w* ++ w= 55 __ Distributive Property 


2w?+w—55=0 Subtract 55 from each side. ts 


Factor the left side of the equation. There is no GCF, so you need to consider the 
possible factors of a and c. Because c is negative, the factors of c must have different 
signs. Use a table to organize information about the factors of a and c. 


ia 7} 
mars | tacos | fests | midterm 

12 1, -55 (w + 1)(2w — 55) | —S5w + 2w = —53w x 
i 55, =i (w+ 55)2w— 1) | —w+110w=109w | X 

ma er r a 
1, 2 | =I 35 | (w — 1)Qw + 55) | 55w — 2w = 53w | x 
Pe (w — 55)(2w + 1) | w—- 110w=—109w | X 
| 2 5-11 | w+ 9@w- 1) | =I + 10 =a 
12 ao ea LQw — 5) | —Sw+22w=17w | X 
12 -5,11 (w — 5)(Qw + 11) llw — 10w = w / 
| 124 ils i, (w-11)(Qw+5) | Sw— 22w = -17w |x 


So, you can rewrite 2w* + w — 55 as (w — 5)(2w + 11). Write the equation with the 
left side factored and continue solving for w. 


(w — 5)Qw + 11) =0 Rewrite equation with left side factored. 
w-5=0 or 2wt11=0 Zero-Product Property 
w=5 or w= -t Solve for w. 


A negative width does not make sense, so you should use the positive solution. 


> So, the width of the reserve is 5 miles. 
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10. WHAT IF? The area of the reserve is 136 square miles. How wide is the reserve? 


380 Chapter 7 Polynomial Equations and Factoring 


e Exit Ticket: Factor 2x2 — 7x + 3. (2x — 1)(x — 3) 


7.7. Exercises 


Vocabulary and Core Concept Check 
1. REASONING What is the greatest common factor of the terms of 3y? -- 2ly + 36? 


2. WRITING Compare factoring 6x? — x — 2 with factoring x? ~ x — 2. 


Dynamic Solutions available at BigideasMath.com 


as 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, factor the polynomial. (See Example 1.) 


Si, Ske sh Se = © 4. 8v? + 8y — 48 


5, 4k2 + 28k + 48 6. 6y? ~ 24y + 18 


7. 7b? — 63b + 140 8. 9r? — 36r — 45 


In Exercises 9-16, factor the polynomial. 
(See Examples 2 and 3.) 


9. 3h2 + 1lh+6 10. 8m? + 30m +7 
ti Gx? = Siedb tl 12. 10w? — 31lw + 15 
E, Sip? se Sp = B GL, a2 ab ale = 3) 
AG, Be = ile = ie 16. 18v2— 15v — 18 


In Exercises 17-22, factor the polynomial. 
(See Example 4.) 


7, =i ar Ik = 6 TE, =e = BS 1 
195) =de2 1965 AQ, = = iA se 
Al, = sie? = se DS ei, SDN ap Bal = 9) 


ERROR ANALYSIS In Exercises 23 and 24, describe and 
correct the error in factoring the polynomial. 


x 2x2 — 2x — 24 = 2(x2 — 2x— 24) 
= 2(x~ 6)(x + 4) 


x 6x2 — 7x — 3 = (3x — 3)(2x + 1) 


In Exercises 25-28, solve the equation. 


23. 


24. 


25, Ss = See = 30 = 10) 26. 2k?—5k—18=0 


27. —12n?-IIn=—15 28. 14b>-2 = —3b 


In Exercises 29-32, find the x-coordinates of the points 
where the graph crosses the x-axis. 


248) 


31. 


~~ £2 ¢ —, 
Bester a | 


33. MODELING WITH MATHEMATICS The area (in 
square feet) of the school sign can be represented by 
It = = 2 


a. Write an expression that represents the length 
of the sign. 


b. Describe two ways to find the area of the sign 
when x = 3. 


i Welcome to 
WESTFIELD 
MIDDLE SCHOOL : 
Serie’, 
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SUPPORTING English Language Learners 


_ Have students share with the class their answers for the Vocabulary and Core Concept Check. 


Beginning Use simple phrases to share answers. 


intermediate Use complete sentences to share information. 
Advanced Use multiple complete sentences arranged appropriately. 
Advanced High Explain answers using multiple complex sentences. 


ELPS 3.G.1 Express opinions ranging from communicating single words and short phrases to 
participating in extended discussions on a variety of social a 


OR ESS 


Assignment Guide and 


Homework Check 


ASSIGNMENT 


Basic: 1, 2, 3-25 odd, 33, 35, 38, 40, 
49-56 


Average: 1, 2—40 even, 49-56 


Advanced: 1, 2, 8, 12, 14, 
20~34 even, 36-56 


HOMEWORK CHECK 
Basic: 3, 9, 13, 17, 35 


Average: 4, 10, 14, 18, 36 
Advanced: 8, 12, 14, 20, 36 


ANSWERS 


1. 
2. 


28. 


a= 2 = 
_ k= -2k= 


3 

Factoring 6x? — x — 2 requires 
considering factors of 6 and —2 

in different combinations until the 
combination is found that produces 
the correct middle term. Factoring 
x? ~ x — 2 only requires finding the 
factors of —2 that add up to —1. 
NGe— IG se 2) 

slap = Dav ar B)) 

A(k + 3)(k + 4) 

Gly — 1) — 3) 

KG = Aa = >) 

Vue ae ING = 3) 

(Ma se 2a ar 3) 

(2m + 7)(4m + 1) 

(Bre = IiGee = 1) 

(2w — 5)(Gw — 3) 

(@ ar 2G = ip) 

Ce WIC 8), 

2G — 2) ig 2) 

My = SG ae 2) 

=(F = DIGH — 2) 

=i sp SAP ap 2b) 

=(e = Syée se V) 

eaten?) CO) ene) 

—(3w — 4)(5w + 7) 

=(2al = INU = 9) 

need to factor 2 out of every term; 
= NEE = % = 1D) = Dee se Ber — 4) 
These factors do not give the correct 
middle term; = (2x — 3)(3x + 1) 


ela 
2S S3 p= 


=== 


rm ffi milo Wo 


29-33. See Additional Answers. 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too! 


oS Ste ee eg oa 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
sul 25) sa 


35. length: 70 m, width: 31 m 


36. yes; The length of the invitation is 
5 inches, which is less than 55 inches. 
The width of the invitation is 
3 inches, which is less than 33 inches. 


37. Sample answer: 6x* + 3x 


38. The graph of g represents function k, 
and the graph of h represents function 
£: Because c is positive, the constant 
terms in the factors must have the 
same sign. Because g has a positive 
value of b, the constant terms of the 
factors will both be positive, which 
results in negative roots, and parabola 
k has two negative x-intercepts. 
Because / has a negative value of 
b, the constant terms of the factors 
will both be negative, which results 
in positive roots, and parabola @ has 
two positive x-intercepts. 


39. when no combination of factors of 
aand c produce the correct middle 
term; Sample answer: 2x2 +x +1 


40. no; To use the Zero-Product Property, 
one side of the equation needs to be 
0. So, you must first subtract 2 from 
each side of the equation, then factor. 


Ol, se) Se))2 See 

42. See Additional Answers. 
43. 3.5 in. 

44. 4ft 

45. (k + 27)(4k — jf) 

46-56. See Additional Answers. 


Mini-Assessment 


Factor the polynomial. 

1. 2x2 + 14x + 24 2(x + 3)(x + 4) 

2. 3x2 + 11x + 10 (3x + 5)(x + 2) 

3. 2x2 — Ix — 4 (2x + 1)(x — 4) 

4. —3x2 — 4x + 7 —(3x + 7)(x — 1) 

5. The length of a rectangular state 
park is 2 miles longer than twice 
the width. The area of the park is 
84 square miles. What is the width 


of the park? The width of the park 
is 6 miles. 
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34. MODELING WITH MATHEMATICS The height /: 
(in feet) above the water of a cliff diver is modeled 


by A = 161? + 8t + 80, where fis the time 
(in seconds). How long is the diver in the air? 


35. MODELING WITH MATHEMATICS The Parthenon 
in Athens, Greece, is an ancient structure that has 
a rectangular base. The length of the base of the 
Parthenon is 8 meters more than twice its width. The 
area of the base is about 2170 square meters. Find the 
length and width of the base. (See Example 5.) 


36. MODELING WITH MATHEMATICS The length of a 
rectangular birthday party invitation is | inch Jess than 


twice its width. The area 

of the invitation is 

15 square inches. Will 

the invitation fit in the 

envelope shown without 

being folded? Explain. ay in. 


37. OPEN-ENDED Write a binomial whose terms have 


a GCF of 3x. 


38. HOW DO YOU SEE IT? Without factoring, determine 


which of the graphs represents the function 
g(x) = 21x? + 37x + 12 and which represents 
the function A(x) = 21x? — 37x + 12. Explain 
your reasoning. 


39. REASONING When is it not possible to factor 
ax’ + bx + c, where a # 1? Give an example. 


40. MAKING AN ARGUMENT Your friend says that to 
solve the equation 5x* + x — 4 = 2, you should start 
by factoring the left side as (Sx — 4)(x + 1). Is your 
friend correct? Explain. 


41. REASONING For what values of ¢ can 2x? + 1x + 10 
be written as the product of two binomials? 


42. THOUGHT PROVOKING Use algebra tiles to factor each — 
polynomial modeled by the tiles. Show your work. 


a 


43. MATHEMATICAL CONNECTIONS The length of a 
rectangle is 1 inch more than twice its width. The 
value of the area of the rectangle (in square inches) is 
5 moze than the value of the perimeter of the rectangle 
(in inches), Find the width. 


44, PROBLEM SOLVING A rectangular swimming poo! is 
bordered by a concrete patio. The width of the patio 
is the same on every side. The area of the surface of 
the pool is equal to the area of the patio. What is the 
width of the patio? 


In Exercises 45-48, factor the polynomial. 


45. 4k2 + Tjk — 2)? 46. 6x2 + Sxy — 4y? 


47. —6a? + 19ab — 14b? 48. 18m) + 39m2n — 15mn? 


Ma inta in ing Mathematical Proficien cy Reviewing what you learned in previous grades and lessons 


Find the square root(s). (Skills Review Handbook) 


49. +V64 50. V4 


51. —V225 52. +V81 


Solve the system of linear equations by substitution. Check your solution. (Section 5.2) 


55. 5x — 2y = 14 56. -x-8=-—y 


$3) y= 3a 
ier — 3) 


54. 2x=y+2 
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If students need help... 


Resources by Chapter 
e Practice A and Practice B 
© Puzzle Time 


—x+ 3y= 14 


=i = eae hp Weise Ske = (0) 


Polynomial Equations and Factoring 


If students got it... 


Resources by Chapter 
© Enrichment and Extension 
e Cumulative Review 


Student Journal 
e Practice 


Differentiating the Lesson 
Skills Review Handbook 


Start the next Section 


Factoring Special Products 


Essential Question How can you recognize and factor special 


products? 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


ee Ame): Vsle)\m Factoring Special Products 
As10.F 


Work with a partner. Use algebra tiles to write each polynomial as the product of 
two binomials. Check your answer by multipl¥ing. State whether the product is a 
“special product’ that you studied in Section 7.3. 


a, 4x2 - 1] = 


ANALYZING 
MATHEMATICAL 
RELATIONSHIPS 


To be proficient in 
math, you need to see 
complicated things as 
single objects or as 
being composed of 
several objects. 


oa 


b. 4x2 -—4x+1= - 


d. 4x2 — 6x + 2 = 


EXPLORATION 2 


Work with a partner. Use algebra tiles to complete the rectangular array at the left 
in three different ways, so that each way represents a different special product. Write 
each special product in standard form and in factored form. 


Factoring Special Products 


Communicate Your Answer 


3. How can you recognize and factor special products? Describe a strategy for 
recognizing which polynomials can be factored as special products. 


4. Use the strategy you described in Question 3 to factor each polynomial. 


De = Jl 


a. 25x? + 10x + 1 be 252 — 0x & 
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| SUPPORTING English Language Learners 


Present the Essential Question. Have students work in pairs to complete the explorations and 
Communicate Your Answer. 


Beginning/Advanced Beginning students read the headings and the polynomials while asking 
Advanced students for help as needed. Advanced students read the exploration instructions and 
Communicate Your Answer questions, requesting help from teachers or classroom aides as needed. 
Intermediate/Advanced High Intermediate and Advanced High students alternate reading the 
explorations and Communicate Your Answer questions and request clarification from each other, 
teachers, or classroom aides as needed. 


ELPS 4.F.9 Use support from peers and teachers to develop grasp of language structures needed 
to comprehend increasingly challenging language. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.8.A The student is expected to solve 
quadratic equations having real solutions 
by factoring, taking square roots, 


completing the square, and applying the 
quadratic formula. 


A.10.E The student is expected to factor, 
if possible, trinomials with real factors in 
the form ax? + bx + ¢, including perfect 
square trinomials of degree two. 


A.10.F The student is expected to 
decide if a binomial can be written as the 
difference of two squares and, if possible, 
use the structure of a difference of two 
squares to rewrite the binomial. 


ANSWERS 


1-2. See Additional Answers. 


3. Sample answer: The algebra tiles for 
special patterns will always form a 
square array, and the x? tiles will also 
form a square array. Factor special 
products by using the special patterns 
studied in Lesson 7.3, but in reversed 
order; For the sum and difference 
pattern, the number of x and —x tiles 
will be the same, and there will only 
be —1 tiles to complete the array. For 
the square of a binomial pattern, the 
x tiles will either be all positive or all 
negative and there will only be +1 
tiles to complete the array. 


da, (Gee sh DE 
li, Ge = WE 
 (Gvese yGre— I) 


For a section overview and insights 
into this Exploration page, see 
Laurie’s Notes at BigideasMath.com. 
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Extra Example 1 
a. Factor x? — 64. 
(x + 8)(x — 8) 
b. Factor 25b2 — 36. 
(5b + 6)(5b — 6) 


Extra Example 2 

Use a special product pattern to evaluate 
the expression 682 — 622. 

(68 + 62)(68 — 62) = 130(6) = 780 


MONITORING PROGRESS 
ANSWERS 

» (Gear Gee = 6) 

(10 + m)(10 — mi) 

(3n + 4)3n -— 4 

(4h + 7)(4h — 7) 

140 

273 

525 

208 


SS we SY eS 
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What You Will Learn 


Factor the difference of two squares. 


7.8 Lesson 


P Factor perfect square trinomials, 
p Use factoring to solve real-life problems. 


Core Vocabulary. 


Previous 
polynomial Factoring the Difference of Two Squares 


trinomial ; : 
You can use special product patterns to factor polynomials. 


G Core Concept 


Difference of Two Squares Pattern 
Algebra Example 


a — b? = (a + bya — b) x2 — 9 = x2 — 32 = (x + 3) — 3) 


“EXAMPLE 1 Factoring the Difference of Two Squares 
Factor (a) x2 — 25 and (b) 4z? — 1. 


SOLUTION 

Be ge — ie se = Se Write as a2 — b?, 

=Car SiGe — Si) Difference of two squares pattern 
PR So, x? — 25 = (x + 5)\(x— 5). 

b. 4z2— 1 = (22)? -— 12 Write as a2 — b?, 

=e ae ee = I) Difference of two squares pattern 


PR So.42-—1= (22+ Iz - 1). 


“EXAMPLE 2 Evaluating a Numerical Expression : 


Use a special product pattern to evaluate the expression 54? — 48?. 


SOLUTION 


Notice that 54? — 487 is a difference of two squares. So, you can rewrite the expression 
in a form that it is easier to evaluate using the difference of two squares pattern. 


542 — 48? = (54 + 48)(54 — 48) Difference of two squares pattern 
= 102(6) Simplify. 
= 612 Multiply. 


P So, 54 — 482 = 612. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 
Factor the polynomial. 

{h. 52 = BS 2. 100 — wr 3 972 16 4. 16h? — 49 
Use a special product pattern to evaluate the expression. 


3 Bo = Bue 6. 47? — 442 Ty SG = SOP 8282 242 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


Factoring Perfect Square Trinomials 


G) Core Concept 


Perfect Square Trinomial Pattern 


Algebra Example 

a + 2ab + b? = (a+ by x2 + 6x + 9 = x? + 2(x)(3) + 3? 
S64 BY 

Ge = TAD aE Ip = (a = Dy x2 — 6x + 9 = x? — 2(x)(3) + 3? 
=F = BY 


ON ieee Factoring Perfect Square Trinomials 


Factor each polynomial. 


a. n2+ 8n+ 16 b. 4x? — 12x +9 


SOLUTION 
a. n+ 8n + 16 =n? + 2(n)(4) + 
= (n+ 4)? 
RP So,n2 + 8n+ 16=(n + 4). 


Write as a2 + 2ab + b?. 


Perfect square trinomial pattern 


b. 4x2 — 12x + 9 = (2x)? — 2(2x)(3) + 3? 
= (2x — 3)? 
RP So, 42 - 12x+9= Qx - 3). 


PONV ieee §Solving a Polynomial Equation 


Solve x? + ex + i = 0. 


Write as a4 — 2ab + b?, 


Perfect square trinomial pattern 


SOLUTION 
et+ix+i=o Write equation. 
ANALYZING ks 
MATHEMATICAL 9x7 ++6x+1=0 Multiply each side by 9. 
RELATIONSHIPS (3x)? + 23x)(1) + 12 =0 Write left side as a2 + 2ab + b2. 
Equations of the form x+1)?2=0 Perfect square trinomial pattern 
(x + a)? = 0 always have 
repeated roots of x = —a. 3x+1=0 Zero-Product Property 
x= -t Solve for x. 
p> The solution is x = i, 
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Factor the polynomial. 


9. nr? — 2m +1 10. d? — 10d + 25 11. 92° + 362 + 36 


Solve the equation. 
12. a+ 6a+9=0 


pee! Se 2_ 9) = 
13. w a a ee 14. n 81 =0 
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Factoring Special Products 385 


Differentiated Instruction 


Inclusion 
| Some students may have difficulty writing a trinomial such as 4x? — 12x + 9 in the form 

| a2 — Jab + b* or a? + 2ab + b?. Pair each of these students with one who understands the 
process. Have the students rewrite a trinomial together while discussing the process. Then provide 
a second trinomial for each student to rewrite, and have partners compare and justify their answers. 


Extra Example 3 
Factor each polynomial. 
ake «20% >> 169 


(x + 13)2 
b. 9x2 — 24x + 16 
(3x — 4)2 


Extra Example 4 


Solve x? + 3x +2=0. x= 
4 


MONITORING PROGRESS 


ANSWERS 

9. (m—- 1) 
1, @=— 
ii, Qe sr oy? 
128 a= 3 
13. w=i 
14. n=-9,n= 


Section 7.8 


r}w 


385 


Extra Example 5 

In Example 5, suppose the golf ball does 
not hit the pine tree. It hits the top of a 
17-foot oak tree. After how many seconds 
does the ball hit the oak tree? The golf 
ball hits the oak tree after 2 seconds. 


MONITORING PROGRESS 


ANSWERS 
WS, 2.25 gee 
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Solving Real-Life Problems 


“EXAMPLE 5 


Modeling with Mathematics 


A bird picks up a golf ball and drops it while flying. 
The function represents the height y (in feet) of the 
golf ball f seconds after it is dropped. The ball hits 
the top of a 32-foot-tall pine tree. After how many 
seconds does the ball hit the tree? 


SOLUTION 


1. Understand the Problem You are given the 
height of the golf ball as a function of the amount 
of time after it is dropped and the height of the 
tree that the golf ball hits. You are asked to 
determine how many seconds it takes for . 
the ball to hit the tree. 


y=81 — 161° @ 


2. Make a Plan Use the function for the height of the golf ball. Substitute the height 
of the tree for y and solve for the time f. 


3. Solve the Problem Substitute 32 for y and solve for ¢. 


y = 81 — 167 Write equation. 
BY = Sl = 167 Substitute 32 for y. 
0 = 49 — 167 Subtract 32 from each side. 
0 = 7 — (41? Write as a? ~ b?, 
0=(7 +457 — 40 Difference of two squares pattern 
7+4t=0 or 7-4t=0 Zero-Product Property 
t= -t or t= i Solve for t. 


A negative time does not make scnse in this situation. 


> So, the golf ball hits the tree after i or 1.75 seconds. 


4, Look Back Check your solution, as shown, 


S Check A 
ituti eal 1 ‘ } “a 
by substituting ¢ = 7 into the equation 30 = 81 168 
32 = 81 — 167. Then verify that a time mo a 
7 32 = 81 — 16(2} 
of 7 seconds gives a height of 32 feet. - ' 4 
: Ee born Ba 49 
| 32 : 81 16(56) . 
32 = 81-49 


32=32 f 
7 — 
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15. WHAT IF? The golf ball does not hit the pine tree. After how many seconds does 
the ball hit the ground? 


Polynomial Equations and Factoring 


e Exit Ticket: Factor each polynomial. 
a. 81 — x2 (9—x)(9 +x) 
be x — 50x | 625 (eee) 


7.8 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


1. REASONING Can you use the perfect square trinomial pattern to factor y? + 16y + 64? Explain. 


2. WHICH ONE DOESN'T BELONG? Which polynomial does not belong with the other three? Explain 


your reasoning. 


n2—4 g- — 6p 9 


+ 12r+ 36 


oe 


k2 +25 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, factor the polynomial. (See Lxample J.) 25. 
3. m?— 49 hy 7B = (Bil 
5. 64 — 81d? @, B= dk 
U. DS = 20H 8. 16x? — 169y? 


In Exercises 9-14, use a special product pattern to 
evaluate the expression. (See Exaviple 2.) 


9. 122-9 10. 192-112 
11. 782 — 722 12. 542 — 522 
13. 532-472 14 392362 


In Exercises 15-22, factor the polynomial. 
(See Example 3.) 


(IS, Te sb DA te i 16. p?+ 30p + 225 


zs 92 — Boys et 18. @—4x+4 


19. a? — 28a + 196 20. m? + 24m + 144 


21. 25n2 + 20n + 4 22. 49a? - 14a +1 


ERROR ANALYSIS In Exercises 23 and 24, describe and 


correct the error in factoring the polynomial. 
x n? — 64 =n? — 8? 
=(n— 8)? 


x y? —6yt+ 9=y? — 2(y)(B) + 3? 
=(y- 3)(y+3) 


7a! 


24. 


33. y=-; 

34. x = 

B53 + 3) — 3) 
36. 2(m + 5\m — 5) 
Sey oe 

38. 8(k + 5)? 

39. 2(S5y + 6)? 

40. 3(3m — 2) 


26. 


can be represented by d7 + 8d+ 16. = 


b. Write an expression 


MODELING WITH MATHEMATICS The area 


(in square centimeters) of a square coaster 


a. Write an expression that 
represents the side length 
of the coaster. 


b. Write an expression 
for the perimeter 
of the coaster. 


MODELING WITH MATHEMATICS The polynomial 
represents the area (in square feet) of the square 
playground. a 


a. Write a polynomial 
that represents the 
side length of the 
playground. 


for the perimeter of 
the playground. 


In Exercises 27-34, soive the equation. (See Exanipie 4.} 


27. 


2—4=0 28. 4x? = 49 


29. k?— 16k + 64=0 30. s*+ 20s + 100 =0 


aie 


33. yt+iy=-z 34. - 


ne+9= 6n 32. y* = 12y — 36 


Eee) 
La x 


whe 


In Exercises 35-40, factor the polynomial. 


BG, see = 27 36. 2m? - 50 
S704? = ley + 16 38. 8k? + 80k + 200 
39. 50y2 + 120y + 72 40. 27m? — 36m + 12 
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Factoring Special Products 387 


Assignment Guide and 


Homework Check 


ASSIGNMENT 
Basic: 1, 2, 3-35 odd, 41, 46, 49-56 
Average: 1, 2-42 even, 46, 47, 49-56 


Advanced: 1, 2, 8, 14, 20—26 even, 
32—40 even, 42-56 


HOMEWORK CHECK 


Basic: 3, 9, 15, 29, 41 
Average: 4, 12, 16, 30, 42 
Advanced: 8, 14, 22, 32, 42 


ANSWERS 


1. yes; The square roots of the first and 
last terms are y and 8, and the middle 
term is 2 + y « 8, so it fits the pattern. 


2. k? + 25; Itis the only one that cannot 
be factored using a special pattern. 


ay (esr Wim = 7) 
4. (2+ 9\e 9) 
5. (8 + 9d)\(8 — 9d) 
& or RIGS = 2H) 
7. (15a + 6b)(15a — 6b) 
8. (4x + 13y)(4x — 13y) 
O63 
10. 240 
11. 900 
IPs, Bil 
13. 600 
14, 225 
15. (h + 6) 
16. (p+ 15)? 
lz, (Gp = Wy 
iS. (Ge = Dye 
195 (ea) 
20. On + 12) 
21. (Sn + 2) 
2 Cha = WP 
23. should follow the difference of two 
squares pattern; = (n + 8)(7 — 8) 
24. should follow the perfect square 
trinomial pattern; = (y — 3) 


MS, Bh (alae 4) cam 
b. (4d + 16) cm 

Oh, By (Ge = Way iii 
b. (4x — 60) ft 

He 6 Ee 

28. x= 2, x= i 

WB), ik == '8 

30. s = —10 

31. n= 

32. y=6 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library. 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
201, ji. 25 gee 


aU2, (0L25 Saxe 
43. a. no; w2 + 18w + 81 
lt, eR = Ih) 2S 


44.2 ./—Gpe 


gj +) +10 
+) +10 


+p aye 
Abe —j| = (hie te liye = 11) 


| 25 Sea 

4 + | + | 

a+) +l 

GC Ge Ge +) 
Ax? — 4x + 1 = (2x — 1)? 

45. Square each binomial, then combine 
like terms; Use the difference of two 
squares pattern with each binomial 
as one of the terms, then simplify; 
Sample answer: The difference of 
two squares pattern; You do not need 


to square any binomials. 
46-56. 


See Additional Answers. 


Mini-Assessment 


Factor the polynomial. 
1 xe 29 Bx 5x 5) 
2. x2 — 40x + 400 (x — 20) 


3. Use a special product pattern to 
evaluate the expression 262 — 222. 
(26 + 22)(26 — 22) = 48(4) = 192 


4. Solve 16x? + 8x +1=0. x= —! 


5. A bird picks up a stone and drops 
it while flying. The function 
y = 49 — 16?? represents the 
height y (in feet) of the stone 
t seconds after it is dropped. The 
stone hits the top of a 13-foot- 
tall building. After how many 
seconds does the stone hit the 
building? The stone hits the 
building after ;, or 1.5, seconds. 


388 


Chapter 7 


41. 


42, 


43. 


44, 


45. 


388 


MODELING WITH MATHEMATICS While standing on a 
ladder, you drop a paintbrush. The function represents 
the height y (in feet) of the paintbrush 1 seconds 

after it is dropped. After how many seconds does the 
paintbrush land on the ground? (See Exaniple 5.) 


Pi 


y = 25 — 16¢7 j= 


MODELING WITH MATHEMATICS 

The function represents the 4h 
height y (in feet) of a grasshopper eo 
jumping straight up from the 

ground ¢ seconds after the start of 

the jump. After how many seconds 

is the grasshopper | foot off 

the ground? 


ei la 
T y= —6t- + 8t 


REASONING Tell whether the polynomial can be 
factored. If not, change the constant term so that the 
polynomial is a perfect square trinomial. 


a. w2 + 18w + 84 [i 9 = Uy ae as) 


THOUGHT PROVOKING Use algebra tiles to factor 
each polynomial modeled by the tiles. Show 
your work. 


EaEe" 


b. 
Sago" 


COMPARING METHODS Describe two methods you 
can use to simplify (2x — 5)? — (x — 4)". Which one 
would you use? Explain. 


46. HOW DO YOU SEE IT? The figure shows a large 
square with an area of a? that contains a smaller 
square with an area of b?. 


}~——~ - a —— 


w& 


=e 
b 
Je 


Fb 


a. Describe the regions that represent a? — b?. 
How can you rearrange these regions to show 
that a* — b? = (a + b)(a — b)? 


b. How can you use the figure to show that 
(@ = IDE = a2 = Daln se 7? 


47. PROBLEM SOLVING You hang nine identical square 
picture frames on a wall. 


a. Write a polynomial 
that represents the 
area of the picture 
frames, not including 
the pictures. 


b. The area in part (a) if 
is $1 square inches. * '": 
What is the side 
length of one of 
the picture frames? 
Explain your reasoning. 


48. MATHEMATICAL CONNECTIONS The composite solid 
is made up of a cube and a rectangular prism. 


a. Write a polynomial 
that represents the 
volume of the 
composite solid. 


4in. 


b. The volume of the Fx in. 4 in. 


composite solid is equal 
to 25x. What is the value 
of x? Explain your reasoning. 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Write the prime factorization of the number. 
49. 50 50. 44 
Graph the inequality in a coordinate plane. 


Beh, asd || 


54. y>—tx+3 


Chapter 7 


{f students need help... 


Resources by Chapter 
e Practice A and Practice B 
¢ Puzzle Time 


(Skills Review Handbook) 
2b cS 
(Section 5.6) 
55. 4y — 12 2 8x 


ze, Be 


56. 3y+3<x 


Polynomial Equations and Factoring 


If students got it... 


Resources by Chapter 
e Enrichment and Extension 
e Cumulative Review 


Student Journal 
e Practice 


Dice the Lesson 
Skills Review Handbook 


Start the next Section 


Factoring Polynomials Completely 


Essential Question How can you factor a polynomial completely? 


EXPLORATION 1 Writing a Product of Linear Factors 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


Anne Work with a partner, Write the product represented by the algebra tiles. Then 
multiply to write the polynomial in standard form. 
* (GB >) (Ge 5) (86) 
* (GB + 2) (Ge >) (Gs) 
* (ip » }) (Ge) (+ ®) 
: (a +) (a ©) (a) 
REASONING (SB +) (Gas >) (a) 


(2 ©) (Gas >) (88) | 


“EXPLORATION 2 


To be proficient in math, 
you need to know and 
flexibly use different 
properties of operations 
and objects. 


Matching Standard and Factored Forms 


Work with a partner. Match the standard form of the polynomial with the 
equivalent factored form. Explain your strategy. 


Communicate Your Answer 


3. How can you factor a polynomial completely? 


a. x34 x? A. x(x + 1) - 1) 
b. x3 -—x B. x(x — 1)? 
ce. x3 + x2 — 2y C. x(x + 1)? 
d. x3 — 4x? + 4x D. x(x + 2) — 1) 
e. x2 — 2x? — 3x E. x(x — 1) — 2) 
f. 8 -224x F x(x + 2)(x — 2) | 
eg = abe (Gj, abe = De 
h. x3 + 2x2 H. x(x + 27 
i, x3 — x? , 246s = 1) / 
th del = Be ab De J, aeaGe ae 1) 
k. x2 + 2x? — 3x K. x2(x — 2) 
l. x3 — 4x? + 3x L. x(x + 2) 
m. x — 2x? M. x(x + 3) — 1) 
n. x2 + 4x2 + 4x N. x(a + 1) —- 3) 
0. 4+ 2x? +4 Oh aker = Ge = 3) | 
| 


4. Use your answer to Question 3 to factor each polynomial completely. 


a. x3 + 4x2 + 3x b. x° — 6x? + 9x (8 se Ge oP Ok 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
3 Knowledge and Skills 
A.10.D The student is expected to rewrite 
polynomial expressions of degree one and 
degree two in equivalent forms using the 
distributive property. 
A.10.E The student is expected to factor, 
if possible, trinomials with real factors in 
the form ax? + bx + ¢, including perfect 
square trinomials of degree two. 


ANSWERS 
Ils #1 (Gear ING se IN — 2) 
a de) 
lt, (Gear 2ByGese aap 
=38 = Bie = Dy 
(x + 3)(x)(2); 2x? + 6x 
(x + DG@ — 1)(%); x3 -— x 
(=x + D@ t+ 1I)(—»); 8 - x 
(= NG el) 2); 
Det 44 2 


mo fh & 


more mo af op 
Cee Ouewme tow 7 OS mero 


E+ ta! ee 


ec BE 


Factor out the greatest common 
monomial factor first, then factor the 
remaining expression if possible. 

3. Factor out the greatest common 
monomial factor first, then factor the 
remaining expression if possible. 

al ai ade se Gr ar 3) 

[hs aGe = BF 
c. x(x + 3)2 
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Extra Example 1 


Factor 


each polynomial by grouping. 


a. x? + 4x2 +2x +8 


(x? 


+ 2)(x + 4) 


Op ee tee ess 1 
oe Ge ae /Ae 


MONITORING PROGRESS 
ANSWERS 

te aes) 

2. (y+ Wyt+x 


390 


Chapter 7 


CoreVocabulary... 


| factoring by grouping, p. 390 
| factored completely, p. 390 


| Previous 
i polynomial 
| binomial 


What You Will Learn 


P Factor polynomials by grouping 
pm Factor polynomials completely. 
P Use factoring to solve real-life problems. 


Factoring Polynomials by Grouping 


You have used the Distributive Property to factor out a greatest common monomial 
from a polynomial. Sometimes, you can factor out a common binomial. You may 
be able to use the Distributive Property to factor polynomials with four terms, as 
described below. 


G Core Concept 


Factoring by Grouping 
To factor a polynomial with four terms, group the terms into pairs. Factor the GCF 


out of each pair of terms. Look for and neh out the common binomial factor. 
This process is called factoring by ping. : 


‘EXAMPLE ly Factoring by Grouping 


Factor each polynomial by grouping. 


a. x9 + 3x? + 2x + 6 b. x2 + y +x + xy 
SOLUTION 
a. x9 + 3x? + 2x + 6 = G? + 3x2) + (2x + 6) Group terms with common factors, 


Common binomial factor is x + 3, [> > = x(x + 3) + 204+ 3) Factor out GCF of each pair of terms. 


= (x + 3)? + 2) Factor out (x + 3). 


oa So, x2 + 3x2 + 2x +6 (x4 3)(x2 + 2). 


[dh 3° sh yy ae se tk Spy Sa cp oe ae ay Ey Rewrite polynomial. 


= (G2 sb 30) E Gan 4b Group terms with common factors. 


Common binomial factor isx + 1. } 


>» =x(x+ 1)4+ y+ 1) Factor out GCF of each pair of terms. 
=(at+ la@t+y) Factor out (x + 1). 


RP Soe@tytxty=@t+Daty). 


Monitoring Progress ) Help In English and Spanish at BigideasMath.com 


Factor the polynomial by grouping. 


ls, @ ab Bar 4b a 4b 7), Sf ap Dye ae ye te Dh 


Factoring Polynomials Completely 


You have seen that the polynomial x? — 1 can be factored as (x + 1)(x — 1). This 
polynomial is factorable. Notice that the polynomial x? + | cannot be written as the 
product of polynomials with integer coefficients. This por oa is unfactorable. 
A factorable polynomial with intcger coefficients is fa ed con tely when it is 
written as a product of unfactorable polynomials with integer coefficients. 


390 Chapter 7 Polynomial Equations and Factoring 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


Concept Summary Extra Example 2 


Guidelines for Factoring Polynomials Completely a. Factor 2x3 + 6x? — 2x. 
To factor a polynomial completely, you should try each of these steps. 2x(x2 di Bye = 1) 

1. Factor out the greatest common monomial factor. 3x? + 6x = 3x(x + 2) b. Factor 5x4 — 45x2 

2. Look for a difference of two squares or a perfect a? oe dle ae dl = (Gp ab By 5x2(x ar 3)(x a 3) 


square trinomial. 


3. Factor a trinomial of the form ax* + bx + ¢ into a product ae = She = 2 = (bese ee = 2) Extra Example 3 


of binomial factors. oe 
| Solve 3x? + 6x? = 24x. 
4, Factor a polynomial with four terms by grouping. se shoe = Abe = = Gv? se Die = 2) The roots arex = —4. x =0 andx —2 
' ' * 


SSONViJ0aeM Factoring Completely MONITORING PROGRESS 
Factor (a) 3x3 + 6x2 — 18x and (b) 7x4 — 28x2. ANSWERS 
b ear = 
SOLUTION } i a 2) 
a, 3x3 + 6x2 — 18x = 3x(x? + 2x — 6) Factor out 3x, 0) ) 
3 : me 5. mm + 2)(m — 4) 
x? + 2x — 6 is unfactorable, so the polynomial is factored completely. 
6 w=0,w=4 
PR So, 3x3 + 6x? — 18x = 3x0? + 2x — 6). 
1a Oe —— 5,6 — 
[i Joe = DE = eae =) Factor out 7x2, R ¢=O.e2%h eH 
= BAC =D) Write as a? — 62, 
= WAGE se Doe = BD) Difference of two squares pattern 


PB So, 7x4 — 28x? = 7x2(x + 2)(x — 2). 


EXAMPLE 3 Solving an Equation by Factoring Completely 


Solve 2x3 + 8x? = i0x. 


SOLUTION 
2x3 + 8x2 = 10x Original equation 
2x3 + 8x2 — 10x = 0 Subtract 10x from each side. 
2x2 + 4x — 5) =0 Factor out 2x. 
2x(x + 5)\e - 1) =0 Factor x2 + 4x — 5. 
2x=0 or x+5=0 or x—-1=0 Zero-Product Property 
x=0 or f==5 wy x=1 Solve for x. 


P The roots are x = —5,x = 0, and x = 1. 
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Factor the polynomial completely. 

a, Ba = (ee 4, 2y3 — 12y2 + 18y 5, mn? — 2m? — 8 
Solve the equation. 


6. w-—8w2+ 1l6w=0 7. 3 -25x=0 8, 8 — 7c? + 12c =0 
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English Language Learners 


Organization 
| Students will benefit by writing down the steps for factoring polynomials completely as shown on 
page 391. Have students write the steps in their notebooks. Consider also displaying a poster with 
the same information in the classroom. 


| 
1 
: 
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Iving Real-Li 
Extra Example 4 Solving Real-Life Problems 


A box in the shape of a rectangular prism Modeling with Mathematics 
has a volume of 96 cubic inches. The 
dimensions of the box in terms of its width 
are shown. Find the length, width, and 
height of the box. 


A terrarium in the shape of a rectangular prism has a volume of 4608 cubic inches. Its 
length is more than 10 inches. The dimensions of the terrarium in terms of its width 
are shown. Find the length, width, and height of the terrarium. 

(w + 4) in. 
SOLUTION 


1. Understand the Problem You are given the volume of a terrarium in the shape 
vali of a rectangular prism and a description of the length. The dimensions are written 


Ein (36 — w) in. in terms of its width. You are asked to find the length, width, and height of the 


; terrarium. 
(x + 8) in. 
2. Makea Plan Use the formula for the volume of a rectangular prism to write and 


The width is 4 inches. the length is solve an equation for the width of the terrarium. Then substitute that value in the 
: expressions for the length and height of the terrarium. 


12 inches, and the height is 2 inches. a. eae 


Volume = length + width + height Volume of a rectangular prism 
MONITORING PROGRESS 
4608 = (36 — w\(w)(w + 4) Write equation. 
ANSWERS ; 
; F 4608 = 32w? + 144w — w3 Multiply. 
9. length: 3 ft, width: 2 ft, height: 12 ft 
0 = 32w* + 144w — w3 — 4608 Subtract 4608 from each side. 
0 = (—w? + 32w2) + (144w — 4608) Group terms with common factors. 
0 = —w*(w — 32) + 144(~w — 32) Factor out GCF of each pair of terms. 
0 = (w — 32)(—w? + 144) Factor out (w -- 32). 
0 = —1(w — 32)(w? — 144) Factor —1 from —w?2 + 144, 
0 = —I{w — 32)(w — 12)(w + 12) Difference of two squares pattern 
W340 ge je eH @F woe Iw) Zero-Product Property 
w= 32 or w=12 or w=—12 Solve for w. 
Disregard w = —12 because a negative width does not make sense. You know that : 


the length is more than 10 inches. Test the solutions of the equation, 12 and 32, in 
the expression for the length. 


lenath = 36 — w= 36 = 12 = 24 o or lengh = 36 =» 23 eee 


The solution 12 gives a length of 24 inches, so 12 is the correct value of w. 


Use w = 12 to find the height, as shown. 
Check 


ypu height = w +4= 12+4= 16 


4608 ae 24(12)(16) p> The width is 12 inches, the length is 24 inches, and the height is 16 inches. 
4608 = 4608 / 4. Look Back Check your solution. Substitute the values for the length, width, and 
i height when the width is 12 inches into the formula for volume. The volume of the 
terrarium should be 4608 cubic inches. 
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9. A box in the shape of a rectangular prism has a volume of 72 cubic feet. The box 
has a length of x feet. a width of (x — 1) feet, and a height of (x + 9) feet. Find 
the dimensions of the box. 
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| SUPPORTING English Language Learners 


| Ask students to share what they know about terrariums or aquariums. Explain that many of these 
are rectangular glass prisms. Have students practice reading comprehension by reading aloud 
Example 4 in groups of mixed language abilities. Students should consult the group or the teacher 
when there is a concept they do not understand. 


— a | Beginning Read the headings. 
Closure | Intermediate Read the problem statement. 
. | Advanced Read Steps 1 and 2 of the solution. 
e Exit Ticket: | Advanced High Read Steps 3 and 4 of the solution. 
Solve 3x° — 6x" — 45x? = 0. | ELPS 4.F.10 Use support from peers and teachers to develop background knowledge needed to 
jee oee oe comprehend increasingly challenging language. 
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7.9 Exe reises Dynamic Solutions available at BigideasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


ASSIGNMENT 
1. VOCABULARY What does it mean for a polynomial to be factored completely? Basic: 1, 2, 3-35 odd. 42, 44, 50-57 
2. WRITING Explain how to choose which terms to group together when factoring by grouping. Average: 1, 2-44 even, 50-57 
** Advanced: 1, 2, 8, 10, 20-40 even, 
Monitoring Progress and Modeling with Mathematics 4\-57 
In Exercises 3-10, factor the polynomial by grouping. 31. 32. HOMEWORK CHECK 
8 
(See Exampie 1.) Basic seiiln2s. 35 
5, 38 4b ar op Bese) a —-9y yy - 9 ek, 
Average: 4, 12, 26, 36 
BR ages te We =O G, Bs = wy = Ie db as? Advanced: 8 20. 26. 36 
Zh, 52 a age ab iy 4b Sy 8. g+q+5pq + Sp 
9. m>—3m+mn—3n 10. 2a* + 8ab — 3a— 126 ‘Ws ig 32x?] we Ax? + 25x? — 56x | ANSWERS 
In Exercises 11-22, factor the polynomial completely. 1. Itis written as a product of 
See E. Te 2. 5 , 
ee uele2.) ERROR ANALYSIS In Exercises 33 and 34, describe and unfactorable polynomials with 
Ti 2s = By 1. Sage = Age correct the error in factoring the polynomial completely. integer coefficients. 
Ey, VO = Fe 1c ‘Vi We= Spe 36 33. 2. Look for terms with common factors. 
Oy PEE Sess 20 3. @ + 1G? + 2) 
En (i S Bae ae Be 1G, =USe/ op Mila = ted Es 2 
§ § = (at 8)(a* + 6) 4. (y — 9)(y2 + 1) 
WA, Si ae Bye = Sth 18. S5w*— 40w3 + 80w? 5. (2 - 4)32 + 2) 
34. 
1D, Sle RO 2 ID, BASE = 72 Oy ead ea To == (Gs (29 se SG + SNG = By 
21, B-—5e2—4b+20 22. A+ 4h? — 25h — 100 = (x 6)(x? - 9) Ee at) 
8. (¢ + 1)q + Sp) 
In Exercises 23-28, solve the equation. (See Example 3.) = 
— 7 i 35, MODELING WITH MATHEMATICS a 
Be BO A a You are building a birdhouse IO, (Qa = 3a se 4b) 
25. 8 +x2=4¥44 26. 275 + 2 — 14473 =0 Ha shape oka 11. 2x(x + I) - 1) 
rectangular prism that has 
a7 ie 3 = 0 28. 4y3 — 72 + 28 = 16y a volume of 128 cubic inches. 14a Cae Ca) 


The dimensions of the 


: (w+ 4)in. | 13. unfactorable 
In Exercises 29-32, find the x-coordinates of the points birdhouse in terms of Bs "| i 
Berio era iiicrosses thew-axis, its width are shown. 14. unfactorable 
(See Example 4.) 15 6e(2 = 2)2 
29. 30. a. Write a polynomial that i 
represents the volume 16. —3d(d — 1)(Sd — 2) 
of the birdhouse. 17. 3P3(r + 6)(r — 5) 
b. What are the dimensions 18. 5w2(w = 4)2 
of the birdhouse? 
1), =a? = Be ae 7) 
= 81x] = —3x4 — 24x? — 45x?) 20. 8(2+14-9) 
7 21. (b — 5)(b + 2)(b — 2) 
Section 7.9 Factoring Polynomials Completely 393 22. (h+4)(h + 5)(h —5) 
23. n=O,n=2,n=4 
24. k=0,k = —10,k = 10 


Nn 
nm 


5 = Ihe ee 
t=0,t=—-9,t=8 
s=0,s=2,5=—-2 
-y=hy=-2,y=2 


34. It is not factored completely because x7 — 9 
can be factored; = (x — 6)(x + 3)@ — 3) 
35. a. (4w2 + 16w) in? 
b. length: 4 in., width: 4 in., height: 8 in. 


ry we Ww 
@ IS 


YY, cH O27 = 9,2 = 9 

A se = Ose = SS, = — 8 

31. x=O0,x1 =4 

32. x=0,x=-8,x=1 

33. In the second group, factor out 


—6 instead of 6; 
= a@(a + 8) — 6(a + 8) 
= (a ++ BG = ©) 
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36. MODELING WITH MATHEMATICS A gift bag shaped 44. MAKING AN ARGUMENT Your friend says that if a 


. « like a rectangular prism has a volume of 1152 cubic trinomial cannot be factored as the product of two 
Dynamic Teaching Tools inches. The dimensions of the gift bag in terms of its binomials, then the trinomial is factored completely. 
width are shown. The height is greater than the width. Is your friend correct? Explain. 


Dynamic Assessment & Progress Monitoring Tool f ; ; 
; — What are the dimensions of the gift bag? 

Interactive Whiteboard Lesson Library 45. PROBLEM SOLVING The volume (in cubic feet) of a 
room is represented by 12z3 — 27z. Find expressions 


that could represent the dimensions of the room. 


Dynamic Classroom with Dynamic Investigations 


(18 — w) in. 
46. MATHEMATICAL CONNECTIONS The width of a box 
ANSWERS is 4 inches more than the height h. The length is the 
36. length: 16 in., width: 6 in., (2w + 4) in. elle difference of 9 inches and the height. 
height: 12 in. a. Write a polynomial that represents the volume of 
37 (x + 2v)\ix + DO — 1) In Exercises 37-40, factor the polynomial completely. the box in terms of its height (in inches), 
; aes 37, 8+ 22y—-x-2y 38. 8b? — 42a — 18b + 9a b. The volume of the box is 180 cubic inches. What 
38. (2b — a)(Q2b + 3)(2b — 3) are the possible dimensions of the box? 
39. (4s — I)(s + 32) 39. 4s°—s + last — 3r ¢. Which dimensions result in a box with the least 
40. Gn? — 2n)(6m + n) AON OS oe possible surface area? Explain your reasoning. 
41. no; The factors of the polynomial ie 47. MATHEMATICAL CONNECTIONS The volume of a 
arene Sandee Wsinestne Zero 41. WRITING Is it possible to find three real solutions cylinder is given by V = arh, where r is the radius 


of the equation x3 + 2x? + 3x + 6 = 0? Explain 


5 of the base of the cylinder and / is the height of the 
your reasoning. 


Product Property, x + 2 = 0 will give 
cylinder. Find the dimensions of the cylinder. 


1 real solution, but x* + 3 = 0 has no 
real solutions. 42. HOW DO YOU SEE IT? How can you use 
42. The x-intercepts occur when y = 0, the factored form of the polynomial 
xf (4 — Fy3 — Oy2 = yr —- 7 = 
so set each factor equal to 0 and solve ao he Ee ee 
; to find the x-intercepts of the graph of the function? 
for x to get the x-coordinates of the 


X-intercepts. 
43. a. Sample answer: 3 +392+x+2 


b. Sample answer: x3 + x2 +x+1 


44. no; It is possible that the terms will 
have a common monomial factor. 


ub, oe Bear g, Be = 3 


46. a. (—h3 + 5h? + 36h) in3 f 49. REASONING Find a value for w so that the equation 
is. length: 3 in., width: 10 in., : has (a) two solutions and (b) three solutions. Explain 


our reasoning. 
height: 6 in.; length: 4 in., 43. OPEN-ENDED Write a polynomial of degree 3 that : oe 
or . an ; satsifies each of the given conditions. 5x3 + wx? + 80x = 0 
width: 9 in., height: 5 in. is 


c. length: 4 1n., width: 9 in., 
height: 5 in.; These dimensions 
result in a surface area of 
202 square inches. The other 
possible dimensions result in a 
surface area of 216 square inches. 


47. radius: 5, height: 8 

Ny, (oe = INGe = Ge se Ge ae Byes — D 
49. See Additional Answers. 

SU, @, =2) 

51. (2,3) 394 Chapter 7 — Polynomial Equations and Factoring 
52. (4, 8) 

Bsn (=O, —2) 

54-57. See Additional Answers. 


5 _ 48. THOUGHT PROVOKING Factor the polynomial 
Sirs 9x2 8 18x} Be eG ae eke 
ees xX — 5x2oa- 4x 4 completely: 


a. isnotfactorable b. can be factored by grouping 


Ma inta in ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Solve the system of linear equations by graphing. (Section 5./) 
50. y=x—4 51. y= jx +2 52. 5x— y= 12 53. x = 3y 


y= 2x +2 y=3x-3 pwty=9 — 10 = 2x 


Graph the function. Describe the domain and range. (Section 6.3) 


54. f(x) = 5* 55. y=9(t) 56. y = —3(0.5)* 57. f(x) = —3(4)* 


if students need help... if students got it... 


Resources by Chapter _ Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
¢ Puzzle Time cL e Cumulative Review 


Mini-Assessment 


P Factor xe by aK esxy hy 
grouping. (x + 5)(x + 3y) 


Student Journal 
e Practice 


Start the next Section 
. Factor 3x° — 48x completely. 


Differentiating the Lesson 
Skills Review Handbook 


3x3(x + A(x — 4) 


. Salve 6x3 — 30x2 = 36x. 
The roots are x = —1, x = 0, and 
i = Cy 


394 Chapter 7 


7.6-7.9 What Did You Learn? 


Core Vocabulary 


factoring by grouping, p. 390 
factored completely, p. 390 


Core Concepts 


Section 7.6 


Factoring x? + bx + c When ¢ Is Positive, p. 372 
Factoring x? + bx + c When c Is Negative, p. 373 


Section 7.7 


Factoring ax? + bx + c When ac Is Positive, p. 378 
Factoring ax? + bx + c When ac 1s Negative, p, 379 


Section 7.8 


Difference of Two Squares Pattern, p. 384 
Perfect Square Trinomial Pattern, p. 385 


Section 7.9 


Factoring by Grouping, p. 390 
Factoring Polynomials Completely, p. 390 


Mathematical Thinking 


1. How are the solutions of Exercise 29 on page 375 related to the graph 
Gy =e ae sha se De 


2. The equation in part (b) of Exercise 47 on page 376 has two solutions. Are both solutions 
of the equation reasonable in the context of the problem? Explain your reasoning. 


port cccc ccc ee: Performance Task - - - 


The View Matters 


The way an equation or expression is written can help you 
interpret and solve problems. Which representation would 
you rather have when trying to solve for specific information? 
Why? 


To explore the answers to these questions and more, 
go to BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 
Dynamic Classroom with Dynamic Investigations 


ANSWERS 


1. The solutions are the m-coordinates 
of the m-intercepts of the graph. 

2. no; The solution x = 28 is not 
reasonable in the context of the 
problem because the diagram shows 
that x < 18. 


Chapter 7 395 


ANSWERS 


<2 Go SEA MS Se 


a 
a fs Swe S 
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2x2 + 6; 2; 2; binomial 

5p° — 3p — 496.5. trinomual 
9x7 + 13x° — 6x2: 7; 9; trinomial 
8y3 — 12y; 3; 8; binomial 
4da+6 

Bee te Ge te 1G 

= Dy te Gy ab al 

=) — © 

52 ae se = 

ayy 0 

Be se Fe? eb dye ce Dis 

=[|Dy9 ab Ty? ap DO = 7 

= Sil 

Ay? — 16 

p+ 8p + 16 

Aue = alg) dp il 


Chapter 7 


Chapter Review 


Dynamic Solutions available at BigideasMath.com 


Bat | Adding and Subtracting Polynomials (pp. 337-344) 


Find (2x3 + 6x? — x) — (—3x3 — 2x? — 9x). 


(CO SE Oe = 38) = (= = SO) = (Ca Ee 


xX) + (3x3 + 2x2 + 9x) 


= (228 Gb abe) te (Ge sb ee) SE (ay EO) 


= 5x3 + 8x2 + 8x 


Write the polynomial in standard form. Identify the degree and leading coefficient of the 
polynomial. Then classify the polynomial by the number of terms. 


le ab Det 7, ay? te Spo — & 


Find the sum or difference. 


Sy (Gre ap Arse (a= 10) 6. 
Ud, (Hse pa 2) = @ = Sp = 2B) 8. 


7.2 | Multiplying Polynomials (pp. 345-350) 


Find (x + 7)(x — 9). 
(GeaP DICE = Oy = ACY Dyse WEE 8) 
= 340) te a =O) Se GS) ae 9) 
= x2 + (—9x) + 7x + (—63) 


S58 = Die (6) 
Find the product. 
Gh, (Gear yer — 2) 10. 
11. (x2 + 4)? + 7x) 12. 


5, Onl = re sb Ise AV 11hp sp iy 


Ce Ges) eS) 
(p + 7) ~ (6p + 13) 


Distribute (x — 9) to each term of (x + 7). 
Distributive Property 
Multiply. 


Combine like terms. 


(y — 5)Gy + 8) 
(Hast Ge = y= 1) 


7.3 Special Products of Polynomials (pp. 351-356) 


Find each product. 
a. (6x + 4y)2 
(6x + Ay)? = (61)? + 2(6x)(43) + (45)? 
= 36x? + 48xy + 16y? 
b. (2x + 3y)(2x — 3y) 
(2x + 3y(2x — 3y) = (2x)? — (3)? 
= axe — Oye 


Find the product. 


13. (r+ (x - 9) 14" yt A)(2y = 4) 
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Square of a binomial pattern 
Simplify. 


Sum and difference pattern 
Simplify. 


15. (p+ 4) 16. (—1+ 2d)? 


ANSWERS 


=18 
17. 4+ ——~ 
, air Oke sp 
Ve Dividing Polynomials (pp. 357-362) 98 
tore i 
Find (20x? + 19x — 3) + (—4x + 1). 2 Die = 3 
—5x - 6 106 
—4x+ 1)20x2 + 19x 3 20, 19. iL Ilse a 30 ae ae 
Be = Sep Multiply diviso*by > = = = 
24413 Subtract. Bring down next term. ay =o ee Ws ae 
24x — 6 Multiply divisor by =—6, =i 26 
Subtract. 
: ae 21. x=0,x=—5 
2 : 3 
D> (20x? + 19x — 3) + (—4x + 1) = —Sx - 6-4 = 
ae 22. z= —3,2=7 
Divide. 78 = ils 
17. (6x + 3) + (9x + 4) 18, (~16x2 — 26x — 13) + (2x — 3) 24. y=0,y=9,y=—4 
19. (11x? — 3x + 16) + & — 3) PAD, (Ge ae Wee = 2b) se (Fe eS 1b, (p + 7)(p == 15) 
26. (b + 8)(b + 10) 
¥e-m Solving Polynomial Equations in Factored Form (pp. 363-368) 27, (z+ 3) —7) 
Mes. (Be = Tyee — 4) 
Solve (x + 6)(x — 8) = 0. 
(x + 6)(x — 8) = 0 Write equation. 
x+6=0 or x-—8=0 Zero-Product Property 
x=-6 or x=8 Solve for x. 
Solve the equation. 
21. x2+5x=0 (ils AGE SP ING =F 0) 
| 23. (b+ 13P=0 24. 2y(y - 9 + 4) = 0 
7.6 Factoring x2 + bx + ¢ (pp. 371-376) 
actor x 10x 27, 
Notice that b = 6 and c = —27. Because c is negative, the factors p and q must have different signs 
so that pq is negative. 
Find two integer factors of —27 whose sum is 6. 
T 
Factors of —27 | —27,1 | —1,27 =O,3) = 3), 8) | 
Sum of factors S26 26 =16 6 | 
The values of p and q are —3 and 9. 
Beso, Gy 27 — 3) + 9). 
Factor the polynomial. 


25. p2 + 2p — 35 26. b? + 18b + 80 27. 2-47-21 28. x2 — lIx + 28 
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Chapter 7 397 


ANSWERS 

2) (@ar OCH = 2) 

a =Aay = Byov = 2) 
Sil. (ese Wee ae 7) 
Be (Gear aes = 3) Factor 5x? + 36x + 7. 


33. (y + 10)(y — 10) There is no GCF, so you need to consider the possible factors of a and c. Because b and ¢ are both 
34, (z 3)2 positive, the factors of c must be positive. Use a table to organize information about the factors of 


aandc. 
35. (m+ 8) 
36. n(n + 3)(n — 3) 


Factoring ax? + bx +c (pp. 377-382) 


Factors Factors Possible 


of 5 of 7 factorization | uate term | 


Bt (Ge=— Dive se Aa) een 
Bie? ie 10) ok yay il, 7 (e+ 1)(Sx+7) | 7x+5x=12x | X 
39) =O —- 6 3 il, Tg se DG) It ax — 86x v 
ee pee. — : 
40 = > So, 5x7 + 36x + 7 = (x + 7)(Sx + 1). 


2 
41. z= —-3,z=5,z=—5 
42. length: 12 ft, width: 4 ft, height: 2 ft 


Factor the polynomial. 


29. 3f + 16r— 12 30. —4y? + 14y — 12 31. 6x2 + 17x +7 


Factoring Special Products (pp. 383-388) 


Factor 25x? — 30x + 9. 
De = Byes O) = (Gee = AGG) ae se Write as a2 — 2ab + b?. 


= (Gy = 3) Perfect square trinomial pattern 


Factor the polynomial. 


af), 52 =O Se, 92 = 100) Bul, = Oe ak o) 35. m+ 1l6m+64 1 


7.9 Factoring Polynomials Completely (pp. 389-394) 


Factor x3 + 4x? — 3x — 12. 


x3 + 4x? — 3x — 12 = GF + 4x2) + (—3x — 12) Group terms with common factors. 
= x(x + 4) + (-3)0 4+ 4) Factor out GCF of each pair of terms. 
= (G7 ae? = 3) Factor out (x + 4). 


Factor the polynomial completely. 


36. 2—9n 37. x? — 3x + 4ax — 12a 38. 2x4 + 2x3 — 20x? 


Solve the equation. 


39. 3x3 — 9x? — 54x = 0 40. 16x? — 36=0 (uh iar ee = ay = 75) = 


42. A box in the shape of a rectangular prism has a volume of 96 cubic feet. The box has a length of 
(x + 8) feet, a width of x feet, and a height of (x — 2) feet. Find the dimensions of the box. 
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Chapter Test 


Find the sum or difference. Then identify the degree of the sum or difference and classify 
it by the number of terms, 


le (S 2p ee BD) = (Be = Bip ab &) 2 (Ce = SE) = (Ge = SP) 3. (454 + 2st + 1) + (254 — 2st ~ 48 

Find the product. 
ot 

On (ie) (ten) 5. (2w — 3)(w + 5) Ge (ar lie = Im) 

7. Explain how you can determine whether a polynomial is a perfect square trinomial. 

8. Is 18 a polynomial? Explain your reasoning. 
Divide. 

S, (Si ab Be = 2) = Gee Ip) Wh (Ske = @) = CiSxe = 5) 11. (5x2 + 4+ 17x) + (—x? + 7) 


Factor the polynomial completely. 


12. 


ms = 1155 P30) Teh 1 sr 2 = 9p = 18 eh SSE = Bae sh 15 


Solve the equation. 


ise 


18. 


19. 


20. 


21. 


(n — 1)(n + 6)(n + 5) =0 16. d*+ 14d+49=0 Wife Gx? 4" ek? = Bore 


The expression 7(r — 3) represents the area covered by the hour hand ona clock in one 
rotation, where r is the radius of the entire clock. Write a polynomial in standard form that 
represents the area covered by the hour hand in one rotation. 


A magician’s stage has a trapdoor. 


a. The total area (in square feet) of the stage can be represented by 
x? + 27x + 176. Write an expression for the width of the stage. 


b. Write an expression for the perimeter of the stage. 
c. The area of the trapdoor is 10 square feet. Find the value of x. 


d. The magician wishes to have the area of the stage be at least 20 times 
the area of the trapdoor. Does this stage satisfy his requirement? Explain. 


(x + 16) ft 


You are jumping on a trampoline. For one jump, your height y (in feet) above the 
trampoline after ¢ seconds can be represented by y = —161? + 24t. How many seconds 
are you in the air? 


A cardboard box in the shape of a rectangular prism has the 


dimensions shown. (x — 1) in. 


a. Write a polynomial that represents the volume of the box. : 


x Z)iIn 


b. The volume of the box is 60 cubic inches. What are the Cae eNine 
length, width, and height of the box? 
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tf students need help... If students got it... 


Resources by Chapter 


Lesson Tutorials 


e Enrichment and Extension 
/ © Cumulative Review 
4 


Skills Review Handbook Performance Task 


Start the next Section 


BigideasMath.com 


ANSWERS 


20. 
21. 


—p* + 4p — 4; 2; trinomial 
5c®; 6; monomial 

6s* — 3t; 4; binomial 

h2 — 13h + 40 

6w2 + w — 15 

ge = Pil 


Check the first and last terms to 
verify they are perfect squares. If 
they are, find 2 times the product of 
their square roots. If this matches the 
middle term, or the opposite of the 
middle term, it is a perfect square 
trinomial. 


yes; A monomial is a type of 
polynomial, and a number is a type 
of monomial. 


=28 


9 
sue = 5) 
17x + 39 
yeh 7 
(s — 5)(s — 10) 
Ge Dh = 3k — 3) 
—=(S¥" = S08 SF 5) 


n=1,n=—6,n =—5 


3 


—5 + 


Bh (Ge se ID) iti 

b. (4x + 54) ft 

Gc x=2 

d. yes; The area of the stage is 
234 square feet, and twenty 
times the area of the trap door is 
200 square feet, so the area of the 
stage is greater than twenty times 
the area of the trap door. 


l3) See 

a We se Be = IG 4 1D) ime 

b. length: 10 in., width: 2 in., 
height: 3 in. 
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ANSWERS Standards Assessment 


1 

Ds IP 

3. B 

Py 1. Which expression is equivalent to —2x + 15x? — 8? (TEKS A.i0.B) 

Ba © CA) (Gx — 2)(Sx — 4) (Sx + 4)(3x + 2) 
(©) Ge= Dis +2) @ Gx ~ 2)(Sx + 4) 


2. The graph shows the value v (in dollars) of a truck over time ¢ (in years). Based on the 
graph, which statement is true? (TEKS A.9.B, TEKS A.9.C) 


fr Value ofaTruck = | 
. : = = | 

z 30,000 | 25,000) 

= SS | 

coe (1, 23,750) 

o 

s 

s 

> 


Time (years) 


(The value of the truck decreases by 5% each year. 
) The value of the truck decreases by 95% each year. 
CH) The value of the truck decreases by $1250 each year. 
GD) The value of the truck decreases by $2250 each year. 


3. Which polynomial represents the product of 2x — 4 and x? + 6x — 2? (TEKS A.10.B) 
CAD 2x3 + 8x? — 4x + 8 (B) 2x2 8x2 — 28x + 8 


© 2x74+8 @) 2x3 — 24x —2 


4. Which of the following correctly describes a line that is perpendicular to the x-axis? (TEKS A.2.G) 
&) y= —4; slope = 0 @® x=—4;slope = 0 
CH y = —4; The slope is undefined. C x= —4; The slope is undefined. 


5. Which of the following are solutions of the equation x7 + 6x? — 4x = 24? (TEKS A.10.F) 


JE =163 
Me = 2 
lil. 0 
Ve 
C@) Jand IV only 1 and Il only 
© 1,1, and 1V only @) 1,11, 11, and Iv 
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10. 


ANSWERS 


Pere 
B 67. 68 
. oe ie : oe 8. B 
Which of the following is a direct variation equation? (TEAS A.2.D) 
& 4y-2=6 @® 5s5y=5x+ 10 a 
Yok = py = She Sr 
10. C 
Gi) 3ysr (Pe =O DD y+4- oe 


GRIDDED ANSWER You are playing miniature golf 
on the hole shown. The area of the golf hole is 
216 square feet. What is the perimeter (in feet) 
of the golf hole? (TEKS A.8.A, TEKS A. f0.E) 


3x ft 


What is the 4th term of the geometric sequence f(1) = 6, f(n) = -} (Ga = Wy? 
(TEKS A,12.C) 


Atan electronics store, two customers each buy a computer Computer Payment Plan _ = al 
on the same day. Each customer arranges a payment plan. The 


graph shows the amount y (in dollars) paid for the computers 3 Y: = 
after x months. What does the intersection of the lines Re aan 
represent? (TEKS A.3.G) es 7 
30 
: é 23 200 
C) After 5 months, each customer will have paid = 


the same amount of $300. 0 
i) 2 4 6 xi 
@) After 5 months, each customer will have paid Months since purchase 


the same amount of $350. ens 


CH) After 6 months, each customer will have paid 
the same amount of $350. 


CG) none of the above 


What is the remainder of (4x2 + 7x — 1) + (44+ .x)? (TEKS A.JSO.C) 
@ -9-1 23x — 1 
© 35 @ -37 
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401 


_ Mathematical Thinking 


Section 1 
Section 2 
Section 3 
ane 


Section 4 


Section 5 


Section 6 


Chapter Review/ 
Chapter Tests 


Total Chapter 8 
Year-to-Date 139 Days 


Texas Essential 
Knowledge and Skills 
Summary 
Section TEKS 
8.1 A.6.A, A.7.A, A.7.C 


8.2 
8.3 A6.A,A7.A 


} 


8.4 | A6.B, ATA, A7.C 
| 


: ce flees EBReon ee 
8.5 | A.6.A, A.6.B, A.6.C, A.7.A, 
| A7B 


8.6 | A.2.C,A6.C,A9.C 


we 


Firework Explosion (p. 423) 


oe 


_ Garden Waterfalls (p. 416) . 
ing: Mathematically proficient students cau apply the mathematics they kuow to salve problems 


For an overview of this chapter, formative assessment tips, and teaching strategies, 
see Laurie’s Notes at BigideasMath.com. 


402 Chapter 8 


Maintaining Mathematical Proficiency ab lla 


Dynamic Assessment & Progress Monitoring Tool 
Graphing Linear Equations (a.3.c) Lesson Planning Tool 


Example 1 Graphy = —x — 1. Interactive Whiteboard Lesson Library 


{ 


Dynamic Classroom with Dynamic Investigations 


Real-Life STEM Videos 
ee ee — a. 4 
= y — 
= 


Step 1 Make a table of values. 


= 5 
= 


een 10 ; 
=o = eee | Texas Essential 

2 | | ’ Knowledge and Skills 
y=-a-1 | -2 | ' 


y= 2) — 1 3 


A.3.C The student is expected to graph 
linear functions on the coordinate plane 
Glen 20 Pitiier teed pate Ky. | — and identify key features, including 

: x-intercept, y-intercept, zeros, and slope, 
in mathematical and real-world problems. 


Step 3 Draw a line through the points. 


A.11.B The student is expected to simplify 
numeric and algebraic expressions using 


Graph the linear equation. the laws of exponents, including integral 


2. y=-3x+4 | and rational exponents. 
4. y=x+5 
ANSWERS 
eS Oe 


we 


Evaluating Expressions (a.11.8) 


Example 2 Evaluate 2x? + 3x — 5 whenx = —1. 


2x? + 3x — 5 = 2(-1)? + 3(-1) — 5 Substitute —1 for x. 
= ANar He) = Evaluate the power. 
S2=3=5 Multiply. 
= —6 Subtract. 


Evaluate the expression when x = —2. 4 4 Me 
» B=) @. Sy? cra = 2 
, a? se des |] GL, xe db in to S 
, 2x2 4x +3 10, —4x? + 2x — 6 


. ABSTRACT REASONING Complete the table. Find a pattern in the differences of 
consecutive y-values. Use the pattern to write an expression for y when x = 6. 


on ee 
= 2 
sek | | 3. 
Dynamic Solutions available at BigideasMath.com 
For suggestions on Maintaining Mathematical Proficiency in your classroom, 
see Laurie’s Notes at BigideasMath.com. 
4. 


Vocabulary. Review., 


Have students make Process Diagrams for the following topics. 


¢ Graphing Linear Equations 
e Evaluating Algebraic Expressions 


5-11. See Additional Answers. 
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prcticne NG PROGR ESS Mathematical | Mathematically proficient students use a problem-solving model that 


incorporates analyzing given information, formulating a plan or strategy, 


ie Thi n ki A] g determining a solution, justifying the solution, and evaluating the 
problem-solving process and the reasonableness of the solution. (A.1.B) 
Problem-Solving Strategies 
G Core Concept 
Trying Special Cases 
When solving a problem in mathematics, it can be helpful to try special cases of the 
original problem. For instance, in this chapter, you will learn to graph a quadratic 
ee function of the form f(x) = ax? + bx + c. The problem-solving strategy used is to 
The graph opens down and the first graph quadratic functions of the form f(x) = ax*. From there, you progress to 
Z eed qs other forms of quadratic functions. 
highest point is at the origin. 
a FQ) = ax? Section 8.1 
2. f@=art+ec Section 8,2 
ff) = ax? + bx +c Section 8.3 
f(x) = ale —hP +k Section 8.4 
Pe NVidaaaie §=Graphing the Parent Quadratic Function 
Graph the parent quadratic function y = x?. Then describe its graph. 
q SOLUTION 
The graph opens up and the lowest : The function is of the form y = ax?, where a = 1. By plotting several points, you can see 
point is at the origin. that the graph is U-shaped, as shown. 
3 
SJ | fe) 
SEELEY 
The graph opens up and the lowest 
point is at (0, 1). > The graph opens up, and the lowest point is at the origin. 
4. ee ee 
Monitoring Progress 
Graph the quadratic function. Then describe its graph. 
1. y= x De ee 3. fl) = 2? +1 4. fix) =2x2-1 
S. f®=pet4e +3 6 f@=gx—4e43 72 y= 2G +1241 8. y= =2G) eee 
9. How are the graphs in Monitoring Progress Questions | —8 similar? How are they different? 
The graph opens up and the lowest : Se 
point is at (0, —1). 404 = Chapter8 — Graphing Quadratic Functions 


For insights into Mathematical Thinking, see Laurie’s Notes at BigideasMath.com. 


tf students need help... If students got it... 


Student Journal 
¢ Maintaining Mathematical Proficiency 


Game Closet at BigideasMath.com 


f(x) = 1x2 + 4x +3) 


| 
The graph opens up and the lowest Lesson Tutorials | Start the next Section 
point is at (—4, —5). ee ee ee 


Skills Review Handbook 


6-9. See Additional Answers. 


404 Chapter 8 


Graphing f(x) = ax2 


Essential Question What are some of the characteristics of the 


TEXAS ESSENTIAL graph of a quadratic function of the form f(x) = ax?? 
KNOWLEDGE AND SKILLS 


AGA P 
ATA S>.44he) 7 Ngee =Graphing Quadratic Functions 


AIC 
Work with a partner. Graph each quadratic function. Compare each graph to the 
graph of f(x) = x. 
a. g(x) = 3x° b. g(x) = —5x? 
-6 : 
c. g(x) = —0.2x2 d. 
i 
REASONING 


To be proficient in math, 
you need to make sense 
of quantities and their 
relationships in 
problem situations. 


Communicate Your Answer 


2. What are some of the characteristics of the graph of a quadratic function of 
the form f(a) = ax?? 


3. How does the value of a affect the graph of f(x) = ax”? Consider 0 < a < 1, 
a>1,~-1<a<0,anda < —1. Usea graphing calculator to verify 
your answers, 


4. The figure shows the graph of a quadratic function 7 
of the form y = ax. Which of the intervals 
in Question 3 describes the value of a? Explain 
your reasoning. 


Section 8.1 Graphing f(x) = ax? 405 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


The graph of g is a vertical shrink by a 
factor of 0.2 and a reflection in the x-axis of 
the graph of f. 


lec. 


1. d. See Additional Answers. 

2. Sample answer: They are U-shaped and 
symmetric. They either open up with the 
lowest point at the origin, or they open down 
with the highest point at the origin. 


3-4. See Additional Answers. 


Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 


A.6.A The student is expected to 
determine the domain and range of 
quadratic functions and represent the 
domain and range using inequalities. 


A.7.A The student is expected to graph 
quadratic functions on the coordinate 
plane and use the graph to identify 

key attributes, if possible, including 
x-intercept, y-intercept, zeros, maximum 
value, minimum values, vertex, and the 
equation of the axis of symmetry. 

A.7.C The student is expected to 
determine the effects on the graph of 
the parent function f(x) = x? when f(x) is 
replaced by af(x), f(x) + d, f(x — ©), f(bx) 
for specific values of a, b, c, and d. 


ANSWERS 


The graph of g is a vertical stretch by 
a factor of 3 of the graph of f- 


The graph of g is a vertical stretch by 
a factor of 5 and a reflection in the 
x-axis of the graph of f. 
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Extra Example 1 
Identity characteristics of the quadratic 


8.1 Lesson What You Will Learn 


> Identify characteristics of quadratic functions. 


function and its graph. C Vocat | > Graph and use quadratic functions of the form f(x) = ax2. 


quadratic function, p. 406 Identifying Characteristics of Quadratic Functions 


parabola, , oa A quadratic function is a nonlinear function that can be written in the standard form 
ee iS y = ax’ + bx + c, where a # 0, The U-shaped graph of a quadratic function is called 
Se a parabola. In this lesson, you will graph quadratic functions, where b and c equal 0. 


Previous 


domain G Core Concept 

range , me ; . 

vertical shrink Characteristics of Quadratic Functions 

vertical stretch The parent quadratic function is f(x) = x2. The graphs of all other quadratic 
reflection functions are transformations of the graph of the parent quadratic function. 


The lowest point 
on a parabola that 
opens up or the 


The vertical line that 
divides the parabola 


The vertex is (2, —4), the axis of symmetry into weeraanee 


is xX = 2, the domain is all real numbers, REMEMBER highest point on a nee esainG rereading parts is the axis of | 
the range is y > —4; whenx <2 parabola that opens symmetry. The axis 

; > : The notation F(x) is down is the vertex. of symmetry passes 
y increases as x decreases, and when another name for y. The vertex of the ner through the vertex. For 
x > 2, y increases as x increases. graph of f(x) = x? symmetry 4 “erteX the graph of f(x) = x”, 


is (0, 0). the axis of symmetry 


is the y-axis, or x = 0, 


MONITORING PROGRESS = 
ANSWERS Identifying Characteristics of a Quadratic Function 
1. The vertex is (2, —3). The axis of 
symmetry is x = 2. The domain 
is all real numbers. The range is 
y 2 —3. When x < 2, y increases as x 
decreases. When x > 2, y increases as Function is 
Xx increases. decreasing. 


2. The vertex is (—3, 7). The axis of 


Consider the graph of the quadratic function. 


Using the graph, you can identify characteristics such as the vertex, axis of symmetry, 
and the behavior of the graph, as shown. 


You can also determine the following: 


Function is 


‘ ie * The domain is all real numbers. 
increasing. 


* The range is all real numbers greater than or equal to —2. 


« When x < —], y increases as x decreases. 


symmetry is x = —3. The domain axis of nal * Whenx > —1.y increases as x increases. 

is all real numbers. The range is symmetry:——_;_ | (1, —2) 

y <7. When x < —3, y increases as x pa! =~ ) 

increases. When x > —3, y increases Monitoring Progress PY” Help in English and Spanish at BigideasMath.com 
as x decreases. Identify characteristics of the quadratic function and its graph. 


For classroom suggestions on 
teaching this lesson, see Laurie’s 
Notes at BigldeasMath.com. 
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SUPPORTING English Language Learners 


Present the information about Identifying Characteristics of Quadratic Functions and the Core 
Concept that precede Example 1. Have students follow along as you read. Explain that the 
sentences containing the highlighted Core Vocabulary terms provide definitions of those terms. 
Review each term. Have students close their books. State a definition and ask them to state the 
Core Vocabulary term that is defined. 


Beginning Choose the correct term from a list in multiple-choice form. 
| Intermediate/Advanced/Advanced High State the correct Core Vocabulary term in short 
answer form. 


ELPS 2.E.3 Use linguistic support to enhance and confirm understanding of increasingly complex 
and elaborated spoken language. 
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Graphing and Using f(x) = ax? 


G) Core Concept 


Graphing f(x) = ax? Whena > 0 

* When 0 < a < 1, the graph of f(x) = ax? 
is a vertical shrink of the graph of 
f@=x. 


REMEMBER 


The graph of y = a - f(x) is 
a vertical stretch or shrink 
by a factor of a of the 


Beh biy = toe: * When a > 1, the graph of f(x) = ax’ isa 


vertical stretch of the graph of f(x) = a*. 


The graph of y = ~f(x) is 
a reflection in the x-axis of 
the graph of y = f(x). 


Graphing f(x) = ax? Whena < 0 

* When —1 <a < 0, the graph of 
f(x) = ax? is a vertical shrink with a 
reflection in the x-axis of the graph 
of f(x) = x. 

* Whena < —1, the graph of f(x) = ax? 
is a vertical stretch with a reflection in 
the x-axis of the graph of f(x) = 2°. 


ON aesvag = Graphing y = ax? Whena > 0 


Graph g(x) = 2x2. Compare the graph to the graph of f(x) = 2°. 


SOLUTION 
Step 1 Make a table of values. 


mi -2|-1[ 0 
gov} 8 | 2 | 0 | 2 


corny 


ae cee 


Step 2 Plot the ordered pairs. 


Step 3. Draw a smooth curve through the points. 


> Both graphs open up and have the same vertex, (0, 0), and the same axis of 
symmetry, x = 0. The graph of g is narrower than the graph of f because the 
graph of g is a vertical stretch by a factor of 2 of the graph of f 


SS ONVidaeI Graphing y = ax? Whena < 0 


Graph h(x) = —4r, Compare the graph to the graph of f(x) = 2°. 


[ x ‘E =e | 6. | 
Mee -12|/ 31 0 | -3 | -12 


eel 


SOLUTION 
Step 1 Make a table of values. 


Step 2 Plot the ordered pairs. 


Step 3. Draw a smooth curve through the points. 


> The graphs have the same vertex, (0, 0), and the same axis of symmetry, 
x = 0, but the graph of /# opens down and is wider than the graph of f. So, the 
graph of /: is a vertical shrink by a factor of and a reflection in the x-axis of 
the graph of f- 
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Differentiated Instruction 


Kinesthetic/Visual 
Some students may benefit by having access to graphing calculators or graphing software programs 
available on many computers. Students can enter the quadratic function f(x) = x? and the given 

quadratic equation, view the graphs, and then compare the graphs. 


Extra Example 2 
Graph g(x) = 4x2. Compare the graph to 

the graph of f(x) = x?. 

g(x) = 4x2} 
we 


Both graphs open up and have the 
same vertex, (0, 0), and the same axis 
of symmetry, x = 0. The graph of g is 
a vertical stretch by a factor of 4 of the 
graph of f. 


Extra Example 3 


Graph A(x) = — 7x, Compare the graph 
to the graph of f(x) = x2. 


The graphs have the same vertex, 

(0, 0), and the same axis of symmetry, 
x = 0. The graph of A opens down and 
is a vertical shrink by a factor of i and a 
reflection in the x-axis of the graph of f 


Section 8.1 


407 


Extra Example 4 © Core Concept 


Graph n(x) = leeds Compare the graph Graphing f(x) = ax)" 


« When 0 < [a] < 1, the graph of f(x) = (ax) [hy A/. 
= wi Syne 
to the graph of f(x) = x?. is a horizontal stretch of the graph of 
ies : ; fs) = x7. 
y = fese\el 
eee 16 n(x) = (- 3x) | * When |a| > 1, the graph of f(x) = (ax)° isa 0<|al<1 
’ r \ horizontal shrink of the graph of f(x) = 2° Z 


| x 


gee §=Graphing y = (ax)? 


Graph n(x) = larcie Compare the graph to the graph of f(x) = x. 


SOLUTION 
Rewrite n as n(x) = (-4 eee : 
Both graphs open up and have the same Teas ee) ge 
vertex, (0, 0), and axis of symmetry, Bre de Ma ee alocs ali fem —6| -8 | 0 | & | 16 | 
x = 0. The graph of n is a horizontal 
pan Wrest a Step 2 Plot the ordered pairs. j ned | 16 | 4 | 0 i! 4 16 


stretch by a factor of ; of the graph of f. 


Step 3 Draw a smooth curve through the points. 


Extra Example 5 

The diagram shows the cross section of a 
soup bowl, where x and y are measured ; 
in inches. Find the width and depth of the Solving a Real-Life Problem 
bowl. 


> Both graphs open up and have the same vertex, (0, 0), and the same axis of 
symmetry, x = 0. The graph of # is wider than the graph of f because the graph 
of nis a horizontal stretch by a factor of 4 of the graph of f. 


The diagram at the left shows the cross section of a satellite dish, where x and y are 
measured in meters. Find the width and depth of the dish. 


SOLUTION 


Use the domain of the function to find the width K— width —— 
of the dish. Use the range to find the depth. eS 


The leftmost point on the graph is (—2, 1), and 
the rightmost point is (2, 1). So, the domain 
is —2 < x $ 2, which represents 4 meters. 


The lowest point on the graph is (0, 0), and the highest points on the graph 
are (— 2, 1) and (2, 1). So, the range is 0 < y < 1, which represents 1 meter. 


8 inches wide, 2 inches deep > So, the satellite dish is 4 meters wide and | meter deep. 
MONITORING PROGRESS Monitoring Progress @) Help in English and Spanish at BigideasMath.com 


ANSWERS 


Graph the function, Compare the graph to the graph of f(x) = x2. 


3: 
eo 3. g(x) = 5x? 4. A(x) = 3? 5. p(x) = —3x2 
: 6. g(x) = -0.12 7. nx) = (3x)? 8. g(x) = (—4x)° 
ge: = oh eS 9. The cross section of a spotlight can be modeled by the graph of y = 0.5x?, 
aera: —: ia - where x and y are measured in inches and —2 < x < 2. Find the width and 
depth of the spotlight. ; 
408 Chapter 8 Graphing Quadratic Functions 
The graph of g is a vertical stretch by , — — _ . 
a factor of 5 of the graph of f. 
ier NT Cee a 


¢ Exit Ticket: Describe the differences between the graphs of y = —3x? andy = be, The graph 


of y = ~3x? opens down and the graph of y = 1 opens up. The graph of y = —3x? is narrower 
than the graph of y = ty, The range of y = —3x? isy < 0. The range of y = 1 isy20. 


mA NwWhe UD OC. 


The graph of / is a vertical shrink by 
a factor of 5 of the graph of f. 


§-9. See Additional Answers. 
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8.1 Exercises 


Dynamic Solutions available at BigideasMath.com 


Vocabulary and Core Concept Check 
1. VOCABULARY What is the U-shaped graph of a quadratic function called? 


2. WRITING When does the graph of a quadratic function open up? open down? 


s 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3 and 4, identify characteristics of the 
quadratic function and its graph. (See Example J.) 


17. ERROR ANALYSIS Describe and correct the error in 
graphing and comparing y = x? and y = 0.5x2. 


3. 
x y = 0.5x2 
The graphs have the same vertex and the same 
axis of symmetry. The graph of y = 0.5x" is 
narrower than the graph of y = x*. 


18. MODELING WITH MATHEMATICS The arch support of 
a bridge can be modeled by y = —0.0012x?, where x 
and y are measured in feet. Find the height and width 
of the arch, (See Example 5.) 


(250 350/450 x 


In Exercises 5-16, graph the function. Compare the 
graph to the graph of f(x) = x2. (Sce Examples 2, 3, 
and 4.) 


5. 2(x) = 6x? 6. b(x) = 2.5x? 


19. PROBLEM SOLVING The breaking strength z 
(in pounds) of a manila rope can be modeled by 
z = 8900d2, where d is the diameter (in inches) 


9. m(x) = —2x 10. g(x) = —3x? of the rope. 


a. Describe the domain and 


7. h(x) = he 8. j(x) = 0.752" 


2 
Th Bey= Uz Ts ee = ae range of the function. 
13. n(x) = (2x)? 14. d(x) = (—4xP b. Graph the function using 
the domain in part (a). 
fi we 
15. cx) = (—4) 16. r(x) = (0.14)? ¢. A manila rope has four times the breaking strength 


of another manila rope. Does the stronger rope 
have four times the diameter? Explain. 
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Se es ae 


The graph of j is a vertical shrink by a 
factor of 0.75 of the graph of f 


The graph of fis a vertical shrink by a 
factor of i of the graph of f, 


9-19. See Additional Answers. 


Assignment Guide and 


Homework Check 


ASSIGNMENT 


Basic: 1, 2, 3-17 odd, 18, 20-22, 
31-35 


Average: 1, 2-16 even, 17-23, 31-35 


Advanced: 1, 2, 4, 8, 12-16 even, 
17-23, 24-30 even, 31-35 


HOMEWORK CHECK 
Basic: 3, 5, 9, 18 

Average: 4, 6, 12, 18 
Advanced: 4, 8, 12, 18 


ANSWERS 
1. parabola 


2. when a> 0; when a <0 


3 “Whe wane is Cl, =D), Wine aks Gi 
symmetry is x = 1. The domain 
is all real numbers. The range 1s 
y < —1. When x < I, y increases as x 
increases. When x > |, y increases as 
x decreases. 


4. The vertex is (—2, 4). The axis of 
symmetry is x = —2. The domain 
is all real numbers. The range is 
y = 4. When x < —2, y increases as x 
decreases. When x > —2, y increases 
as X increases. 


Ta-d-2-1, 4 12 3 4x 
The graph of g is a vertical stretch by 
a factor of 6 of the graph of f. 


eae Yi 2 as 


The graph of b is a vertical stretch by 
a factor of 2.5 of the graph of f 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
AY A eS |l 


bh =Il<a<el 

21. fis increasing when x > 0. g is 
increasing when x < 0. 

22. fis decreasing when x < 0. g is 
decreasing when x > 0. 

23. fra= : 

24. yes; Sample answer: Atan 
x-intercept, y = 0, so ax* = 0. By 
the definition of a quadratic function, 
a # 0, so by the Zero-Product 
Property, x? = 0, which means x = 0. 

25. Sample answer: The vertex of 
a parabola that opens up is the 
minimum point, so its y-coordinate is 
the minimum value of y. The graph 
passes through (6, —3), so 2 is not the 
minimum value of y. 

26. sometimes; Sample answer: The 
graph of f will be narrower than the 
graph of g when a > 1, but it will be 
wider when 0 <a< lI. 


27-35. See Additional Answers. 


Mini-Assessment 


1. Identify characteristics of the 
quadratic function and its graph. 


vertex: (2, —4), axis of symmetry: 
X = —2, domain: real numbers, 
range: y 2 —4; when x < —2,y 
increases as Xx decreases, when 
X > —2, y increases as x increases. 


2. Graph g(x) = 3.5x?. Compare the 
graph to the graph of f(x) = x?. 


See Additional Answers. 
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20. HOW DO YOU SEE IT? Describe the possible values ABSTRACT REASONING In Exercises 26-29, determine 
of a. whether the statement is always, sometimes, or never 


A true. Explain your reasoning. 


26. The graph of f(x) = ax? is narrower than the graph of 
g(x) = x? when a > 0. 


27. The graph of f(x) = ax? is narrower than the graph of 
g(x) = x* when |a| > 1. 


28. The graph of f(x) = ax* is wider than the graph of 
g(x) = x7 when 0 < |a| < 1. 


29. The graph of f(x) = ax* is wider than the graph of 
g(x) = dx? when la > |di. 


30. THOUGHT PROVOKING Draw the isosceles triangle 


Connect the highest point of one leg with the lowest 
point of the other leg. Then connect the second 
highest point of one leg to the second lowest point of 
the other leg. Continue this process. Write a quadratic 
equation whose graph models the shape that appears. 


(0, 4) 


ANALYZING GRAPHS In Exercises 21-23, use the graph. leg leg 


Spe a= 
f(x) = ax*,a > 0 (-6, -4) 6, —4) 
base 


x 
31. MAKING AN ARGUMENT 

g(x) = ax?,a <0 The diagram shows the 

parabolic cross section 

of a swirling glass of 

21. When is each function increasing? water, where x and y are 

measured in centimeters. 


. When is i ing? ae 
22 hen is each function decreasing Pe Nariel tatu ese 


5? 
23. Which function could include the point (—2, 3)? Find Henao els 


the value of @ when the graph passes through (—2, 3). b. Your friend claims that 
the rotational speed of 
24. REASONING Is the x-intercept of the graph of y = ax? the water would have 
always 0? Justify your answer. to increase for the 
cross section to be 
25. REASONING A parabola opens up and passes through modeled by y = 0.1.x’. \ 
(—4, 2) and (6, —3). How do you know that (—4, 2) is Is your friend correct? 3 2 
not the vertex? Explain your reasoning. e. Lg iS 
et 


Evaluate the expression when 7 = 3and x = —2. (Skills Review Handbook) 


32. wt+5 33. 3x2-9 34. —4n?4+ 11 35. n+ 2x? 
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'f students need help... If students got it... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


shown. Divide each leg into eight congruent segments. 


' 


' 


Graphing f(x) = ax? + ¢c 


Essential Question How does the value of c affect the graph of 
TEXAS ESSENTIAL f@) = ax2+ c? 
KNOWLEDGE AND SKILLS 
A.A 


ATC EXPLORATION 1 


Graphing y = ax? +c 


Work with a partner. Sketch the graphs of the functions in the same coordinate 
plane. What do you notice? e 


a. f(x) = x2 and g(x) = x2 +2 b. f(x) = 2x? and g(x) = 2x?-2 


10 dee ; ; 10h aa ails 


“EXPLORATION 2 Finding x-Intercepts of Graphs 


Work with a partner. Graph each function. Find the x-intercepts of the graph. 
Explain how you found the x-intercepts. 


a, Sr = hs p= ae se Il 


SELECTING TOOLS 


To be proficient in math, 
you need to consider the 
available tools, such as a 
graphing calculator, when 
solving a mathematical 
problem. 


Communicate Your Answer 


3. How does the value of c affect the graph of 
f@) = ae + ¢? 7 


> 4. Use a graphing calculator to verify your answers 


to Question 3. 


5. The figure shows the graph of a quadratic function 
of the form y = ax? + c. Describe possible values =e 6 


of a and c. Explain your reasoning. 7 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


SUPPORTING English Language Learners 


Present the Essential Question. Have students work in pairs to complete the explorations and 
| Communicate Your Answer. When they have finished, ask them to share their answers. 


Beginning Use simple phrases to share answers and demonstrate visually when possible. 
intermediate Use simple sentences to share answers. 
Advanced/Advanced High Explain answers using multiple complex sentences. 


ELPS 3.G.2 Express ideas ranging from communicating single words and short phrases to 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Too! 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic investigations 


Texas Essential 
+3 Knowledge and Skills 
A.7.A The student is expected to graph 
quadratic functions on the coordinate 
plane and use the graph to identify 
key attributes, if possible, including 
x-intercept, y-intercept, zeros, maximum 
value, minimum values, vertex, and the 
equation of the axis of symmetry. 


A.7.C The student is expected to 
determine the effects on the graph of 
the parent function f(x) = x? when f(x) is 
replaced by af(x), f(x) + d, fx — ¢), fbx) 
for specific values of a, b, c, and d. 


ANSWERS 


lia. 


gis) = 8 +2) 


Wo Ul Gy sa to © 


(NW PO Hs OO CO 


Sample answer: Jn g(x) = axvrt+oec 
causes a vertical shift in the graph of 


HOD) = ae. 


2-5. See Additional Answers. 


participating in extended discussions on a variety of social and grade-appropriate academic topics. 


et et A A OE TR ELA 
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Extra Example 1 8.2 Lesson What You Will Learn 
Graph g(x) = x2 — 4. Compare the graph 


P Graph quadratic functions of the form f(x) = ax? + « 


to the graph of f(x) = x2, C | | > Solve real-life problems involving functions of the form f(x) = ax2 + ¢. 
} : 5 
Previous Graphing f(x) = ax? + ¢ 
translation 
vertex of a parabola 
axis of symmetry 5] Core Concept 


vertical stretch 
vertical shrink 
zero of a function 


Graphing f(x) = ax? + ¢ 

* When c > 0, the graph of f(x) = ax? + ¢ Ex E=0 
is a vertical translation c units up of the 
graph of f(x) = aa’. 


* When c < 0, the graph of f(x) = ax? +c 
is a vertical translation {c| units down of 
the graph of f(x) = ax?. 


Both graphs open up and have the same 
axis of symmetry, x = 0. The vertex of the 


The vertex of the graph of f(x) = ax? + c is c<0 
(0, c), and the axis of symmetry is x = 0. 


raph of g, (0, —4), is below the vertex of Susi . 
eae (0, 0), because the graph of a a 
gis a vertical translation 4 units down of Graph g(x) = x° — 2. Compare the graph to the graph of f(a) = 2°. 
the graph of f. SOLUTION 
Step 1 Make a table of values. 
MONITORING PROGRESS %, ee | F [a 5 
shred : gx) | 2 | -1| -2/-1| 2 | 


Step 2 Plot the ordered pairs. 


Step 3. Draw a smooth curve through the points. 


REMEMBER 
safes: eesieeed The graph of y = f(x) + kis Hf 
The graph of g is a vertical translation a vertical translation, and gix) = x2 - 2) 
oe g the graph of y = f(x — h) is ee a 


5 units down of the graph of f. 


a horizontal translation of 
the graph of f. 


> Both graphs open up and have the same axis of symmetry, x = 0. The vertex 
of the graph of g, (0, —2), is below the vertex of the graph of f, (0, 0), because the 
graph of g is a vertical translation 2 units down of the graph of f. 
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Graph the function. Compare the graph to the graph of f(x) = x?. 


1. gx) = «2 —5 2. A@) =x? 4+3 


The graph of / is a vertical translation 
3 units up of the graph of f. 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes at 
BigldeasMath.com. 


Pair Activity 
_ Pair each English learner with an English speaker. Have the pairs graph quadratic functions and 
compare the graphs to the graph of the function f(x) = x?. Have one student make a table of values 
_ and the other student use the ordered pairs to draw the graph. Have partners work together to 
compare the graph of each function to the graph of f(x) = x?. 
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SN IdNSeM Graphing y = ax? + 

CECOTERD sraphing y = ax + Extra Example 2 

Graph g(x) = 4x2 + 1. Compare the graph to the graph of f(x) = x2 Graph g(x) = 2x? + 4. Compare the 
SOLUTION graph to the graph of f(x) = x?. 

Step 1 Make a table of values. 


ge 
Meador 
% yy rs 


ot iin | 3 


a Sas = 
‘x =e) eo | 2 | 
17 | 


* 


Step 2 Plot the ordered pairs. 


Step 3. Draw a smooth curve through the points. 


> Both graphs open up and have the same axis of symmetry, x = 0. The graph of 
g is narrower, and its vertex, (0, 1), is above the vertex of the graph of f, (0, 0). 
So, the graph of g is a vertical stretch by a factor of 4 and a vertical translation 
1 unit up of the graph of f- 


SON Jese Translating the Graph of y = ax? + c Both graphs open up and have the same 
axis of symmetry, x = 0. The graph of g 


is narrower, and its vertex, (0, 4), is above 


a. Describe the transformation from the graph of fto the graph of g. Then graph f and the vertex of the araph of f (0 0) Ger qie 
g in the same coordinate plane. grap ESNet a Od) 


Let f(x) = —0.5x? + 2 and g(x) = f(x) — 7. 


graph of g is a vertical stretch by a factor 


b. Write an equation that represents g in terms of x. . ; 
of 2 and a vertical translation 4 units up of 


SOLUTION 


the graph of f 
a. The function g is of the form y = f(x) + k, where k = —7. So, the graph of g is a 
vertical translation 7 units down of the graph of f. Extra Example 3 
| x | -4 | -2 | 0 | 2 4 | Let f(x) = —0.75x2 + 1 and 
' = “2 =OEKE ap 2 a 
£00) fe Sn ; g(x) = f(x) — 3. 
Be _ L. { M 
9X) —13 | ea | a otal fe =i a. Describe the transformation from the 
be fee tisriehe functioné: graph of f to the graph of g. Then 
ee es cesar rn. graph f and g in the same cuolitens 
ago ee Earnie plane. The graph of g is a vertical 
translation 3 units down of the graph 
> So, the equation g(x) = —0.5x? — 5 represents g in terms of x. ae 
Monitoring Progress @) Help in English and Spanish at BigideasMath.com 
Graph the function. Compare the graph to the graph of f(x) = x2. 
5, Abs) = Be = 5 
4, h(x) = —jx2+4 I 
5. Let f(x) = 3x? — | and g(x) = f(x) + 3. 
a. Describe the transformation from the graph of fto the graph of g. Then graph 
fand g in the same coordinate plane. 
b, Write an equation that represents g in terms of x. b. Write an equation that represents g in 


TenMsiaiwnG(x!— —0,/a% =e 
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MONITORING PROGRESS 
ANSWERS 


5. a. The graph of g is a vertical translation 
3 units up of the graph of f. 


eile 
qe +4 


hie) = 


The een of gisa geste stretch by 
a factor of 2 and a vertical translation 
5 units down of the graph of f. 


The graph of / is a vertical shrink by a 
factor of " a reflection in the x-axis, and a 
vertical translation 4 units up of the graph 


of f. 


169 eine cae a 
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Solving Real-Life Problems 


Recall that a zero of a function fis an x-value for which f(x) = 0. A zero of a function 


Extra Example 4 


The function A(t) = —4.9t? + So is an x-intercept of the graph of the function. 
represents the approximate height (in 
P PP ae NV dmeea §=Solving a Real-Life Problem 


meters) of a falling object t seconds after 
it is dropped from an initial height so (in 
meters). A coin is dropped from an initial 
height of 44.1 meters. 


The function f(t) = —161? + sg represents the approximate height (in feet) of a falling 
object f seconds after it is dropped from an initial height sy (in feet). An egg is dropped 
from a height of 64 feet. 


a. After how many seconds does the egg hit the ground? 
a. After how many seconds does the coin 
hit the ground? 
The coin hits the ground 3 seconds 
after it is dropped. 


b. Suppose the initial height is adjusted by k feet. How will this affect part (a)? 
SOLUTION 


1. Understand the Problem You know the function that models the height of a 
falling object and the initial height of an egg. You are asked to find how many 
seconds it takes the egg to hit the ground when dropped from the initial height. 


ne 
ily 
i 
ili 
tli 
ull 
il 
il 


) BREEEBEBE 


b. Suppose the initial height Is m meters Then you need to describe how a change in the initial height affects how long it 
lower. How will this affect part (a)? takes the egg to hit the ground. 
The coin will hit the ground in less than 2. Make a Plan Use the initial height to write a function that models the height 
3 seconds of the egg. Use a table to graph the function. Find the zero(s) of the function to 


answer the question. Then explain how vertical translations of the graph affect the 
zero(s) of the function. 


MONITORING PROGRESS COMMON ERROR 3. Solve the Problem 
ANSWERS The graph in Step 1 shows a, The initial height is 64 feet. So, the function f(1) = — 1622 + 64 represents the 
he height of the obj 
3 the height of the object : ais : pha eit ‘ 
6. Sample answer: Negative values of 1 aos nee eae a S ee the egg f seconds after it is dropped. The egg hits the ground when 
would represent times before the egg the object. — 
was dropped, which have no meaning ; Step 1 Make a table of values and Y (ft) = —16t2 + 64 
: segue sketch the graph. 9 A 
in the context of this problem. hist eee \F a 
48 "i 
7. 2.5 see - ERS Wiis" 
fi | ot | 48 | 0 pe o\ | 
ae oe ae ON se 
Step 2 Find the positive zero of the function. 16) }Ne | 
When ¢ = 2, f(t) = 0. So, the : 
zero 1s 2. 
3 


> The egg hits the ground 2 seconds 
after it is dropped. 


b. When the initial height is adjusted by & feet, the graph of fis translated up k 
units when k > 0 or down [k| units when k < 0. So, the x-intercept of the graph 
of f will move right when k > 0 or left when k < 0. 


> When k > 0, the egg will take more than 2 seconds to hit the ground. 
When k < 0, the egg will take less than 2 seconds to hit the ground. 


4. Look Back To check that the egg hits the ground 2 seconds after it is dropped, 
you can solve 0 = —16f° + 64 by factoring. 
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6. Explain why only nonnegative values of ¢ are used in Example 4. 


7. WHAT IF? The egg is dropped from a height of 100 feet. After how many seconds 
does the egg hit the ground? 
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| Closure 


¢ Writing Prompt: The graph of y = —4x? + 12 is... Sample answer: a vertical stretch by a 
factor of 4, a reflection in the x-axis of the graph of y = x’, and a vertical translation 12 units up. 
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8. 2 Exe rcises Dynamic Solutions available at BigldeasMath.com 


Assignment Guide and 
Homework Check 


Vocabulary and Core Concept Check ASSIGNMENT 


Basic: 1, 2, 3-19 odd, 27, 29, 34, 36, 
42-45 


1. VOCABULARY State the vertex and axis of symmetry of the graph of y = ax? + c. 


2. WRITING How does the graph of y = ax? + c compare to the graph of y = ax? 
A Average: 1, 2-22 even, 27-30, 


34-38 even, 42-45 


Advanced: 1, 2, 6, 10-26 even, 27, 


In Exercises 3-6, graph the function. Compare the 18. ERROR ANALYSIS Describe and correct the error in 28-32 even, 33-45 
graph to the graph of fix) = x?. (See Example 1.) graphing and comparing f(x) = x? and g(x) = x? — 10. 


3. gx) =x? + 6 4. AQ) = 2+ 8 an : HOMEWORK CHECK 
ino = 3 5 epee xX Basic: 3; 7, 13,27 


Average: 4, 10, 14, 27 
In Exercises 7-12, graph the function. Compare the 
graph to the graph of f(x) = x2. (See Example 2.) Advanced: 6, 10, 16, 27 


Monitoring Progress and Modeling with Mathematics 


7, 6p) = se ae 8 8. A(x) = —22 -7 
a eae = a2 ; 
9. s(x) = 2x -—4 10. tx) She ap I ANSWERS 
i ji Both graphs open up and have the same axis 1. © = 
Wh OQ) = =a 2 We GCs) = Sar oe of symmetry. However, the vertex of the graph » (0,¢),x = 
-_ Me re cisc i : ee of g, (O, 10), is 10 units above the vertex of 2. When c > 0, the graph of 
n Exercises 13-16, describe the transformation from the graph of f, (O, 0). = ee : ea 
the graph of f to the graph of g. Then graph f and g FO) vs re 8 a vertical 
in the same coordinate plane. Write an equation that translation c units up of the graph of 
represents g in terms of x. (See Example 3.) In Exercises 19-26, find the zeros of the function. fo = ax*, When c < 0), the graph of 
13. f(x) =32+4 14. f@= 5x? sei 19. y=x?-1 20. y =x? — 36 i) = ax? + cis vertical translation 
j= a = = c| units down of the graph of 
eS 2 Be 21. f(x) = —x2 + 25 22. f(x) = 2 + 49 Me a i 
= aa Sgt es: ? 
1b JAC3) roa ama) 16. f(x) = 4%? —5 23. f(x) = 42 — 16 24, f(x) = 3x2 - 27 Soe: 
a(x) = f(x) — 3 BX) =f&)+7 


AE, fle) = =e se 3 26. f(x) = —8x2 + 98 
17. ERROR ANALYSIS Describe and correct the error in 
comparing the graphs. 27. MODELING WITH MATHEMATICS A water balloon is 
dropped from a height of 144 feet. (See Example 4) 


a. After how many seconds does the water balloon 
hit the ground? 


b. Suppose the initial height is adjusted by k feet. 
How does this affect part (a)? a. : : 

The graph of g is a vertical translation 

28. MODELING WITH MATHEMATICS The function 6 units up of the graph of f. 

y = —16x? + 36 represents the height y (in feet) of 

an apple x seconds after falling from a tree. Find and 4, @ ok ' hy: {3 

The graph of y = 3x? + 2 is a vertical interpret the x- and y-intercepts. 

shrink by a factor of 3 anda translation 

2 units up of the graph of y = x?. 


Section 8.2 Graphing f(x) = ax? + ¢ 415 


The graph of / is a vertical translation 
8 units up of the graph of f. 


The graph of g is a vertical translation The graph of g is a reflection in the x-axis, 
1 unit down of the graph of f- and a vertical translation 3 units up of the a co | ss eee 
graph of f. The graph of p is a vertical translation 


3 units down of the graph of f. 
8-28. See Additional Answers. 
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In Exercises 29-32, sketch a parabola with the 37. REASONING Describe two algebraic methods 
given characteristics. you can use to find the zeros of the function 


Dynamic Teaching Tools f(Q) = —16 + 400. Check your answer by graphing. 


29. The parabola opens up, and the vertex is (0, 3). 


Dynamic Assessment & Progress Monitoring Tool 


38. PROBLEM SOLVING The paths of water from three 
different garden waterfalls are given below. Each 
function gives the height / (in feet) and the horizontal 
distance d (in feet) of the water. 


Waterfall 1 hk = ~3.1d* +48 
ANSWERS 32. The highest point on the parabola is (0, —5). Waterfall 2 # = —3.5d2 + 1.9 


29-45. See Additional Answers. 33. DRAWING CONCLUSIONS You and your friend Waterfall 3 = —1.1d? + 1.6 
both drop a ball at the same time. The function 
h(x) = — 16x? + 256 represents the height (in feet) 
of your ball after x seconds. The function 


Interactive Whiteboard Lesson Library 30. The vertex is (0, 4), and one of the x-intercepts is 2. 


Dynamic Classroom with Dynamic Investigations ; 31. The related function is increasing when x < 0, and the 
7 ' zeros are —] and 1. 


a. Which waterfall drops water 
from the highest point? 


g(x) = —16x? + 300 represents the height (in feet) b. Which waterfall follows the 
of your friend’s ball after x seconds. narrowest path? 
a. Write the function T(x) = h(x) — g(x). What does c. Which waterfall sends water the farthest? 


T(x) represent? 

39. WRITING EQUATIONS Two acorns fall to the ground 
from an oak tree. One falls 45 feet, while the other 
falls 32 feet. 


b. When your ball hits the ground, what is the 
height of your friend’s ball? Use a graph to justify 
your answer. 

a. For each acorn, write an equation that represents 


34. MAKING AN ARGUMENT Your friend claims that in the height / (in feet) as a function of the time t 
the equation y = ax? + c, the vertex changes when (in seconds). 
the value of @ changes. Is your friend correct? Explain b : : 
ini ; » ID how th hs of the t t 
Mini-Assessment Sonaonne. escribe how the graphs of the two equations 
a S are related. 
Graph the function. Compare the graph pclae ue aladdal eis sesso a a 40. THOUGHT PROVOKING One of two ¥ 
forthe aranh ot f(x) =e (in square feet) of a square patio is represented by Glessicl promtenemcsculiet 
grap : | A = x”, where x is the length of one side of the patio. Facil ia A 
2 | You add 48 square feet to the patio, resulting in a total pune neon nannies: 
Ale g(x) =X +4 q camer? a Approximate the area of the 
area of 192 square feet. What are the dimensions of pine ; 
ars Fes es ees region bounded by the 
See Additional Answers. the original patio? Use a graph to justify your answer. pariboleemaihen ane on 
= a Show your work. - 
2. h(x) = 2x 6 36. HOW DO YOU SEE IT? The graph of f(x) = ax? + c 


is shown. Points A and B are the same distance from 
the vertex of the graph of f, Which point is closer to 


the vertex of the graph of fas c increases? 
41. CRITICAL THINKING 


A cross section of the 
parabolic surface of 
the antenna shown 
can be modeled by 

y = 0.012x?, where 

x and y are measured 
in feet. The antenna is moved up so that the outer 
edges of the dish are 25 feet above the ground. Where 


Both graphs open up and have the Es is the vertex of the cross section located? Explain. 
same axis of symmetry. The graph 
of his a vertical stretch by a factor 
of 2 and a vertical translation 6 
units down of the graph of f. 


3. The function f(t) = —16t? + 5, 
represents the approximate height 416 Chapter 8 Graphing Quadratic Functions 
(in feet) of a falling object t seconds 
after it is dropped from an initial 
height sq (in feet). A marble is 
dropped from a height of 36 feet. 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Evaluate the expression when a = 4 and b = —3. (Skills Review: Handbook) 


43. 


2a 


If students need help... 

a. After how many seconds does 
the marble hit the ground? 
1.5 seconds 

. Suppose the initial height is 

adjusted by k feet. How will this 
affect part (a)? When k > 0, 
the marble will take more than 
1.5 seconds to hit the ground. 
When k < 0, the marble will take 
less than 1.5 seconds to hit the 
ground. 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 
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Graphing f(x) = ax? + bx +c 


Essential Question How can you find the vertex of the graph 


TEXAS ESSENTIAL of f(x) = ax? + bx + c? 
KNOWLEDGE AND SKILLS 


A6.A Par 
ATA PRO) v-NEL@]\ily §=Comparing x-Intercepts with the Vertex 


Work with a partner. 
* 
a. Sketch the graphs of y = 2x? — 8x and y = 2x? — 8x + 6. 
b. What do you notice about the x-coordinate of the vertex of each graph? 


c. Use the graph of y = 2x? — 8x to find its x-intercepts. Verify your answer 
by solving 0 = 2x2 — 8x. 


d. Compare the value of the x-coordinate of the vertex with the values of 
the x-intercepts. 


take) Nile ea Finding x-Intercepts 


Work with a partner. 
a. Solve 0 = ax? + bx for x by factoring. 
b. What are the x-intercepts of the graph of y = ax? + bx? 


c. Copy and complete the table to verify your answer. 


MAKING Fr [yaa tbe 
MATHEMATICAL — 
ARGUMENTS 


To be proficient in 
math, you need to make 
conjectures and build 

a logical progression 

of statements. 


| 
: ea aoe 
ae 
@ | 
4 ROYNEl@)\ecm Deductive Reasoning 


Work with a partner. Complete the following logical argument. 


The x-intercepts of the graph of y = ax? + bx are 0 and = 
a 


The vertex of the graph of y = ax* + bx occurs when x = a. 


The vertices of the graphs of y = ax? + bx andy = ax? + bx +c 
have the same x-coordinate. 


The vertex of the graph of y = ax? + bx + ¢ oceurs when x = 


Communicate Your Answer 


4. How can you find the vertex of the graph of f(x) = ax? + bx + c? 


5. Without graphing, find the vertex of the graph of f(x) = x* — 4x + 3. 
Check your result by graphing. 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic investigations 


Texas Essential 

Knowledge and Skills 
A.6.A The student is expected to 
determine the domain and range of 


quadratic functions and represent the 
domain and range using inequalities. 


A.7.A The student is expected to graph 
quadratic functions on the coordinate 
plane and use the graph to identify 

key attributes, if possible, including 
x-intercept, y-intercept, zeros, maximum 
value, minimum values, vertex, and the 
equation of the axis of symmetry. 


ANSWERS 
lL ae 


b. They are the same. 
x=O0,x=4 
Sample answer: The value of 
the x-eoordinate of the vertex is 
the average of the values of the 
x-intercepts. 


2, a x=O0,x= 2 
b x=0,x = eo 
a 
& 0,0) 
b b 
2 2a’ 2a 
4. Sample answer: Find the 
x-eoordinate using x = ve then use 


the funetion to find the y-eoordinate. 
Be (= 1) 
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Extra Example 1 8.3 Lesson 


a. Find the axis of symmetry of the graph 
of f(x) = 2x2 — 4x +5. x =1 


b. Find the vertex of the graph of 
f(x) = 2x2 — 4x +5, (1, 3) 


CoreVocabulary.. 


maximum value, p. 479 
minimum value, p. 479 


Previous 
independent variable 
dependent variable 


MONITORING PROGRESS 


ANSWER 
lin the = 7 
b. (5-3) 
2; 8. 2 == 
ls (=3, =4) 
3. a x=7 
b. (7,7) 


What You Will Learn 


Pm Graph quadratic functions of the form f(x) = ax? + bx + c. 


> 


Find maximum and minimum values of quadratic functions. 


Graphing f(x) = ax? + bx +¢ 


G Core Concept 


Graphing f(x) = ax? + bx +c 


The graph opens up when a > 0, = ff 
and the graph opens down 2a f(x) = ax2 + bx +6 
when a < 0. where a > 0 


The y-intercept is c. 
The x-coordinate of 


the vertex is ae 
2a 


The axis of symmetry is 
b 


= a 


“EXAMPLE 1 Finding the Axis of Symmetry and the Vertex 


Find (a) the axis of symmetry and (b) the vertex of the graph of f(x) = 2x2 + 8x — 1. 


SOLUTION 


a. Find the axis of symmetry when a = 2 and b = 8. 


= -2 Write the equation for the axis of symmetry. 
a \ 
x= se Substitute 2 for a and 8 for b. 
2(2) 
See Simplify. 


> The axis of symmetry is x = —2. 


b. The axis of symmetry is x = —2, so the x-coordinate of the vertex is —2. Use the 


function to find the y-coordinate of the vertex. 


iG) = De ap Sie = Il Write the function. 
HD) = Nae BD) = Ml Substitute —2 for x. 
= 9 Simplify. 


> The vertex is (—2, —9). 
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Find (a) the axis of symmetry and (b) the vertex of the graph of the function. 


1. f(x) = 3x2 — 2x 2. ga) = 2 + 6x45 3. AQ) = —$x2 + 7x-4 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigideasMath.com. 
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EXAMPLE | Graphing f(x) = ax* + bx + ¢ 


Graph f(x) = 3x2 — 6x + 5. Describe the domain and range. 


COMMON ERROR 


Be sure to include the 
negative sign before the 
fraction when finding the 
axis of symmetry. 


SOLUTION 
Step 1 Find and graph the axis of symmetry. 


ee ale rol 
aa 23) Substitute and simplify. 
Step 2 Find and plot the vertex. . 


The axis of symmetry is x = 1, so the x-coordinate of the vertex is 1. Use the 
function to find the y-coordinate of the vertex. 


Ga) = SBE = Cae se Si 
HOD) = SAP = Gy) + S 
=2 Simplify. 


So, the vertex is (1, 2). 


Write the function. 


Substitute 1 for x. 


Step 3 Use the y-intercept to find two more points on the graph. 


NG rot = Because c = 5, the y-intercept is 5. So, (0, 5) lies on the graph. Because the 
f(x) = 3x a 6x +5 } axis of symmetry is x = 1, the point (2, 5) also lies on the graph. 
s Step 4 Draw a smooth curve through the points. 


> The domain is all real numbers. The range is y = 2. 


REMEMBER 


The domain is the set 
of all possible input 
values of the independent 
variable x. The range is the 
set of all possible output 
values of the dependent 
variable y. 
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Graph the function. Describe the domain and range. 


Uh WG) = ae ae Glee tl i) Se — ete G, Pe) = —Se = 1Oe = 2 


Finding Maximum and Minimum Values 


G) Core Concept 


Maximum and Minimum Values 
The y-coordinate of the vertex of the graph of f(x) = ax? + bx + c is the 


maximum value of the function when a < 0 or the minimum value of the 


function when a > 0. 


OC) —ax- + bx tech <0) Ghee) = Gae sh ie ae ea > W 


Y maximum 
Ca 


TSS Ae 
minimum 
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Differentiated Instruction 


Organization 
Have students copy this table in their notes to help them determine whether a function of the form 


y = ax? + bx + chas a maximum value or a minimum value. Suggest that they also include a 
sketch of each type of function. 


Value of a Graph Opens 


a<0 


minimum 


Extra Example 2 
Graph f(x) = x? — 2x — 3. Describe the 
domain and range. 


The domain is all real numbers. The range 
isy2—4. 


MONITORING PROGRESS 
ANSWERS 


domain: all real numbers, range: 


ye = 


| jas) = =S82 = 10x -2] 
domain: al] real numbers, range: 
yp SB 
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Extra Example 3 

Tell whether the function 

f(x) = 5x2 + 15x — 10 has a minimum 
value or a maximum value. Then find the 
value. The minimum value is —21.25. 


Extra Example 4 
Estimate the y-intercept of the graph and 
the maximum or minimum value of the 
function represented by the graph. 

a. ; - 


I a 


we 2x? + 4x — 3) 


From the graph, you can estimate that 
the y-intercept is —3 and the function 
has a maximum value of —1. 


F(x) = x2 + 4x — 2| 


ela 


From the graph, you can estimate that 
the y-intercept is —2 and the function 
has a minimum value of —6. 


MONITORING PROGRESS 
ANSWERS 


7. minimum value; 4 
8. maximum value; 10 


9. —4; maximum value: —1 
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Check 
y-intercept: ' 
FO) = 2(0)? — 8(0) + 8 


=-s/o 


vertex at: x = 2(2) 


minimum value: 
f(2) = 22? — 8(2) + 8 


=00— 


som, 


EXAMPLE 3 Finding a Maximum or Minimum Value 


Tell whether the function f(x) = —4x? — 24x — 19 has a minimum value or a 
maximum value. Then find the value. 


SOLUTION 


For f(x) 4x? — 24x — 19,a = —4 and —4 < 0. So, the parabola opens down and 
the function has a maximum value. To find the maximum value, find the y-coordinate 
of the vertex. 


First, find the x-coordinate of the vertex. Use a = —4 and b = —24. 
b (=24) _ 


EG oa 4) 3 Substitute and simplify. 
Then evaluate the function when x = —3 to find the y-coordinate of the vertex. 
HOHD = AC By = 2S) = 1 Substitute —3 for x. 
=17 Simplify. 


> The maximum value is 17. 


PONV eee §=Finding a Maximum or Minimum Value 


Estimate the y-intercept of the graph and the maximum or minimum value of the 
function represented by the graph. 


SOLUTION 


a. From the graph, you can estimate that the y-intercept is | and the function has a 
maximum value of 5. ; 


b. From the graph, you can estimate that the y-intercept is 8 and the function has a 
minimum value of 0. You can check your estimates as shown. 
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Tell whether the function has a minimum value or a maximum value. Then find 
the value. 


7. (x) = 8x2 -— 8x +6 8. h(x) = —bx2 + 3x41 


9. Estimate the y-intercept of the graph and 
the maximum or minimum value of the 
function represented by the graph. 


[ f(x) = ~3x? — 6x — 4] 


] SS 
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* 


| 


APPLYING 
MATHEMATICS 
Because time cannot 


be negative, use only 
nonnegative values of ft. 


EXAMPLE by §©6Modeling with Mathematics 


A group of friends is launching water balloons. 
The function f(#) = —16r? + 807 + 5 represents the y 
height (in feet) of the first water balloon ¢ seconds after 
it is launched. The height of the second water balloon 

t seconds after it is launched is shown in the graph. 
Which water balloon went higher? 


2nd balloon } 


Vale 


SOLUTION G 2 oe oe 


* 

1. Understand the Problem You are given a function that represents the height 
of the first water balloon. The height of the second water balloon is represented 
graphically. You need to find and compare the maximum heights of the 
water balloons. 


2. Make a Plan To compare the maximum heights, represent both functions 
graphically. Use a graphing calculator to graph f(t) = —161? + 80¢ + 5 in 
an appropriate viewing window. Then visually compare the heights of the 
water balloons. 


3. Solve the Problem Enter the function f(1) = — 1622 + 80t + 5 into your 
calculator and graph it. Compare the graphs to determine which function has 
a greater maximum value. 


[1st water balloon | 


150 


You can see that the second water balloon reaches a height of about 125 feet, 
while the first water balloon reaches a height of only about 100 feet. 


P So, the second water balloon went higher. 


4. Look Back Use the maximum feature to determine that the maximum value of 
f() = —161? + 807 + 5 is 105. Use a straightedge to represent a height of 105 feet 
on the graph that represents the second water balloon to clearly see that the second 
water balloon went higher. 


139 (2nd water balloon | 
PY LA 


(ist water balloon | 
ee mg gers 


Maximum 
0 (X=2. 4999988 _.Y=105 


0 0 2 4 6 t 
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10. Which balloon is in the air longer? Explain your reasoning. 


11. Which balloon reaches its maximum height faster? Explain your reasoning. 


Section 8.3 


| SUPPORTING English Language Learners 


Explain that Jaunching water balloons in Example 5 means throwing them using a sling, as shown 


in the photo. Ask if they have ever thrown a water balloon and why someone might throw one. 


Explain that they should study the graphs that represent the height over time of each balloon. Read 


aloud the problem statement for the example and have students read the solution. 


Beginning Read the headings and graph labels. 
intermediate Read Step 1. 


Advanced Read Step 2. 


Advanced High Read Steps 3 and 4. 


ELPS 4.F.5 Use visual and contextual support to develop background knowledge needed to 
comprehend increasingly challenging language. 
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Extra Example 5 

A group of friends is launching water 
balloons off the roof of a building. The 
function f(t) = —16t? + 96t + 20 
represents the height (in feet) of the first 
balloon t seconds after it is launched. The 
height of the second balloon t seconds 
after it is launched is shown in the graph. 
Which balloon went higher? 


Rew, : 
2nd balloon _ 


0 2 4 ® 


The first water balloon went higher. 


MONITORING PROGRESS 
ANSWERS 


10. second water balloon; Sample 
answer: Comparing the graphs, the 
first water balloon has a height of 0 
after about 5 seconds, and the second 
water balloon has a height of 0 after 
about 5.7 seconds. 


11. first water balloon; Sample 
answer: Comparing the graphs, the 
first water balloon is at its maximum 
height after about 2.5 seconds, and 
the second water balloon is at its 
maximum height after about 
2.8 seconds. 


| Closure 


e Write an equation of a quadratic 
function that opens up, has a 
negative y-intercept, and is wider 
than the graph of y = x?. 

Sample answer: y = 0.25x? — 2 
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Assignment Guide and 
Homework Check 


ASSIGNMENT 

Basic: 1, 2, 3-27 odd, 30, 31, 33, 37, 
42, 50-52 

Average: i, 2-36 even, 37, 38, 42, 45, 
50-52 


Advanced: 1, 2, 6, 12, 16-20 even, 
24-38 even, 39-52 


HOMEWORK CHECK 
Basic: 7, 13, 23, 31, 37 
Average: 8, 16, 24, 32, 37 
Advanced: 12, 16, 24, 32, 38 


ANSWERS 
1. Sample answer. If the leading 
coefficient is positive, the graph has 
a minimum value. If the leading 
coefficient is negative, the graph has 
a maximum value. 

2. What is the axis of symmetry of the 
graph of the function?; x = 2; 32 
(4, = 16 se = 2 Il 
(=3, Des = =s8 =! 

(G20 28 


SGN Gh gS 


is 
as 
= 
| 
bo 
See 


10. 


11. 


12. 


a. 
b. 
a. 
b. 
a. 
b. (2,4) 
a. 
b. 
a. 
b. 


13. 


domain: all real numbers, range: 
y2-14 
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8.3 Exercises 


Dynamic Solutions available at BigideasMath.com 


Vocabulary and Core Concept Check 


1. VOCABULARY Explain how you can tell whether a quadratic function has a maximum value or a minimum value 


without graphing the function. 


2. DIFFERENT WORDS, SAME QUESTION Consider the quadratic function f(x) = —2x? + 8x + 24. Which is 


different? Find “both” answers. 


What is the maximum value of the function? 


What is the y-coordinate of the vertex of the graph of the function? ; 


What is the greatest number in the range of the function? — 


What is the axis of symmetry of the graph of the function? 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-6, find the vertex, the axis of symmetry, 
and the y-intercept of the graph. 


4. 


In Exercises 7-12, find (a) the axis of symmetry 
and (b) the vertex of the graph of the function. 
(See Example I.) 


ie jie) = Be — Sue Sey ox 
OS Oe = ke A, Gee = Sle ae ake = 20) 
VW. fO) = 22 - ax t 14 12. y= —fx? + Ox - 18 


In Exercises 13-18, graph the function. Describe the 
domain and range. (See Example 2.) 


13. f(x) = 2x2 + 12x+4 14. y = 4x2 + 24x + 13 
1, WS eee = Ie SG Hey) = See ce we = 7 
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iW, y=22- 6x +5 18. f(y = -i? - 3x-4 


19. ERROR ANALYSIS Describe and correct the error 


in finding the axis of symmetry of the graph of 
jp SS = Wesese I, 


) 
2a 2(3) \ 


The axis of symmetry is x= —2. 


20. ERROR ANALYSIS Describe and correct the error in 
graphing the function f(x) = x* + 4x + 3. 


The axis of symmetry 
isx= aes = pe =2 
2a 2(1) 


AA) S BE se ae S15 
So, the vertex is (2, 15). 


The y-intercept is 3. So, the 
points (0, 3) and (4, 3) lie on the graph. 


In Exercises 21-26, tell whether the function has a 
minimum value or a maximum value. Then find the 
value. (See Example 3.) 


ik 39 = 262 — ise sh US 
eh, jG) = =e a> ike 4 7 


72, AG) = Ste ae the = 2 


14. 


domain: all real numbers, range: y 2 —23 


15. 


sbi a 


y = —8x? — 16x — 


domain: all real numbers, range: y < —1 


16-23. See Additional Answers. 


24. 


25. 


26. 


27. 


28. 


205 


30. 


jy = Dee = jlOve se IG 


y= 3x2 - Ylx+6 
f(x) = 3x2 — Sx +27 


MODELING WITH MATHEMATICS The function shown 
represents the height / (in feet) of a firework ¢ seconds 
after it is launched. The firework explodes at its 
highest point. 


a. When does the firework explode? 


b. At what height does the firework explode? 


MODELING WITH MATHEMATICS The cable between 
two towers of a suspension bridge can be modeled 
by the function shown, where x and y are measured 
in feet. The cable is at road level midway between 
the towers. 


a. How far from each tower shown is the lowest point 
of the cable? 


b. How high is the road above the water? 


c. Describe the domain and range of the function 
shown. 


ATTENDING TO PRECISION The vertex of a parabola 
is (3, —1). One point on the parabola is (6, 8). Find 
another point on the parabola. Justify your answer. 


MAKING AN ARGUMENT Your friend claims that it 
is possible to draw a parabola through any two points 
with different x-coordinates. Is your friend correct? 
Explain. 


In Exercises 31-34, estimate the y-intercept of the graph 
and the minimum or maximum value of the function 
represented by the graph. (See Example 4.) 


31. 


33. 


y. a2. 


a8 
Va: 


——) 


F(x) = axe + 8x 4 4} 


=4 


| £09 = —hx? - 2x - 5} £0) = 2x2 = Ax 


USING TOOLS In Exercises 35 and 36, use the minimum 
or maximum feature of a graphing calculator to 
approximate the vertex of the graph of the function. 


35. 


y= 05x2+ V2x-3 36. y= —mx? + 3x 


37. MODELING WITH MATHEMATICS The opening of one 


38. 


Section 8.3 


aircraft hangar is a parabolic arch that can be modeled 
by the equation y = —0.006x? + 1.5x, where x and y 
are measured in feet. The opening of a second aircraft 
hangar is shown in the graph. (See Hxanzple 5.) 


a. Which aircraft hangar is taller? 


b. Which aircraft hangar is wider? 


MODELING WITH MATHEMATICS An office supply 
store sells about 80 graphing calculators per month 
for $120 each. For each $6 decrease in price, the 
store expects to sell eight more calculators. The 
revenue from calculator sales is given by the 
function R(7) = (unit price)(units sold), or 

R(n) = (120 — 6n)(80 + 8n), where x is the 
number of $6 price decreases. 


a. How much should the store charge to maximize 
monthly revenue? 


b. Using a different revenue model, the store expects 
to sell five more calculators for each $4 decrease 
in price. Which revenue model results in a greater 
maximum monthly revenue? Explain. 


Graphing f(x) = ax? + bx + ¢ 423 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


he I 
24, minimum value; 5 

A 1 
25. maximum value; 66; 


26. minimum value: —4i 
27. a. 4 sec 

b. 256 ft 
28. a. 200 ft 

b. 50 ft 


ce. domain: 0 < x < 400, range: 
50 Sys 150) 
29. (0, 8); Sample answer: Because the 
axis of symmetry is x = 3, the point 
(0, 8) would also lie on the graph. 
30. yes; Sample answer: If the two 
points have the same y-coordinate, 
then a parabola can be drawn 
by selecting a vertex with its 
x-coordinate halfway between the 
x-coordinates of the two points. 
and with a different y-coordinate. 
If the two points have different 
y-coordinates, a parabola can be 
drawn by making one of the points 
the vertex and drawing the parabola 
through the other point. 


31. 4; minimum value: 0 

32. 3; maximum value: 5 

33. -5; maximum value: —3 

34. 7; minimum value: | 

S65 (= Wall, =a) 

36. (0.48, 0.72) 

37. a. second aircraft hangar 
b. first aircraft hangar 

38. a. $90 


b. the first revenue model; Sample 
answer: The first revenue model 
has a maximum value of $10,800 
and the second revenue mode] has 
a maximum value of $10,580, so 
the first has a greater maximum 
value. 
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MATHEMATICAL CONNECTIONS In Exercises 39 and 40, 46. CRITICAL THINKING Parabolas A and B contain 
(a) find the value of x that maximizes the area of the the points shown. Identify characteristics of each 
figure and (b) find the maximum area. parabola, if possible. Explain your reasoning. 


ANSWERS 
SM gh se SAS 


b. 20.25 in 
40. a. x=2 
b. 32 ft2 


39. 


' ParabolaA | | Parabola B 


4 
ed as 


3 1 4 


[6 | 4 


Dl oes 


41. The graph of g is a reflection in the 
y-axis of the graph of h. 


g 
5 4 


40. (12 — 4x) ft ee 


ii game, an air cannon launches T-shirts into the crowd. 
The function y = -i + 4x represents the path of 

a T-shirt. The function 3y = 2x — 14 represents the 

height of the bleachers. In both functions, y represents 

vertical height (in feet) and x represents horizontal 

distance (in feet). At what height does the T-shirt land 

in the bleachers? 


ce. about 90 m 


43. down; Sample answer: Because 
(3, 2) and (9, 2) have the same 
y-coordinate, any point with an 
x-coordinate between 3 and 9 lies 
on the part of the parabola between 
these two points that passes through 
the vertex. Because 7 is greater 
than 2, the vertex must be above these 
2 points, so the parabola opens down. 


41. WRITING Compare the graph of g(x) = x? + 4x + 1 
with the graph of h(a) = x? — 4x + 1. 


42. HOW DO YOU SEE IT? During an archery 
competition, an archer shoots an arrow. The arrow 
follows the parabolic path shown, where x and y are : 

One of two classic 


measured in meters. ; F ae e's 
problems in calculus is ’ i 
: pene a finding the slope of a ah 

a ee: tangent line to a curve. ; a, \| 
An example of a tangent yaa “Tea 


line, which just touches 
the parabola at one point, is shown. 


48. THOUGHT PROVOKING -tangentline A) Ay” 
a —, 


44. the maximum value or minimum 
value of the function; 


Approximate the slope of the tangent line to the graph 
x? at the point (1, 1). Explain your reasoning. 


ao . 
Sample answer: Because 94 '8 the 


of y= 


: b 
x-coordinate of the vertex, ee 
f 2a a. What is the initial height of the arrow? 49. PROBLEM SOLVING The owners of a dog shelter want 


b, Estimate the maximum height of the arrow. to enclose a rectangular play area on the side of their 
building. They have k feet of fencing. What is the 
maximum area of the outside enclosure in terms of k? 
(Hint: Find the y-coordinate of the vertex of the graph 
of the area function.) 


is the y-coordinate of the vertex, 


which is also the maximum value or c. How far does the arrow travel? 


42) a Sim T 
b. about 1.6 m (x + 2) ft 47. MODELING WITH MATHEMATICS At a basketball 
minimum value of the function. 


= _ a3) 43. USING TOOLS The graph of a quadratic function 
45. Y= ax° + 8x passes through (3, 2), (4, 7), and (9, 2). Does the 


DGB). See AdGiionall Arse. \ graph open up or down? Explain your reasoning. 
44. REASONING For a quadratic function f, what does 


s( = 2 represent? Explain your reasoning. 
¢ 


45. PROBLEM SOLVING Write a function of the form 


| y = ax? + bx whose graph contains the points (1, 6) 
Mini-Assessment | ae 


| ; imi j ali a , : 
| 1. Graph f(x) Saye, ee Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 
| 


i 
i 

the axis of symmetry and the Graph f and h. Describe the transformations from the graph of f to the graph ofh, (Section 3.7) 
/ 


vertex. Describe the domain and 
range. 


50. ft) =x h@&) =4x4+3 51. f®) = xh) = -x-8 ee hE) = se lea) = —}x =) 5 
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If students got it... 


If students need help... 


Resources by Chapter | Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


axis of symmetry: x = —1; vertex: 
(—1, —1}); domain: all real numbers, 
range: y 2 —1 


Student Journal 
e Practice 


Start the next Section 
. Tell whether the function 


f(x) = —6x2 + 24x — 8hasa 
minimum value or a maximum 
value. Then find the value. 
maximum value: 16 


Differentiating the Lesson 
Skills Review Handbook 
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8.1-8.3 What Did You Learn? 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Core Vocabulary 


Interactive Whiteboard Lesson Library 


quadratic function, p. 406 vertex, p. 406 maximum value, p. 4/9 Dynamic Classroom with Dynamic Investigations 
parabola, p. 406 axis of symmetry, p. 406 minimum value, p. 4/9 ' pas 
ke. sere, ge ANSWERS 
1. Sample answer: Because the 
Core Concepts | highest point has a y-coordinate of 
Gatton Si O, the height is the opposite of the 
Characteristics of Quadratic Functions, p. 406 y-coordinate of the lowest points. 
Graphing f(x) = ax? When a > 0, p. 407 The width is the absolute value of the 
Graphing f(x) = ax? When a < 0, p. 407 difference of the x-coordinates of the 
Graphing f(x) = (ax)’, p. 408 endpoints. 
Section 8.2 2. Sample answer: The t-intercept of 
Graphing f(x) = ax? + c, p. 412 the graph is the total time before the 
; water balloon hits the ground. 
Section 8.3 ae 
ney) = at + bx + cp. 418 3. Sample answer: the definition of 
Maximum and Minimum Values, p. 4/9 maximum value/minimum value and 
the vertex 


Mathematical Thinking 


1. Explain your plan for solving Exercise 18 on page 409. 


2. How does graphing the function in Exercise 27 on page 415 help you answer 
the questions? 


3. What definition and characteristics of the graph of a quadratic function did you 
use to answer Exercise 44 on page 424? 


fee = = Sey Se er 
Learning Visually 


! 
i 

I 

i 

} © Drawa picture of a word problem before writing 
I a verbal model. You do not have to be an artist. 
I 
I 
i 
I 
I 


¢ When making a review card for a word problem, 
include a picture. This will help you recall the 
information while taking a test. 


¢ Make sure your notes are visually neat for easy recall. 
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ANSWERS 


He 


426 


The vertex is (1, 4). The axis of 
symmetry is x = 1. The domain 

is all real numbers. The range is 

y < 4. When x < |, y increases as x 
increases. When x > 1, y increases as 
x decreases. 


The vertex is (—2, 5). The axis of 
symmetry is x = —2. The domain 

is all real numbers. The range is 

y 2 5. When x < —2, y increases as x 
decreases. When x > —2, y increases 
as x increases. 


x-axis of the graph of f. 


The graph of p is a vertical stretch by 
a factor of 2 and a vertical translation 
2 units up of the graph of f. 


r(x) = 4x2 


The graph of r is a vertical stretch by 
a factor of 4 and a vertical translation 
16 units down of the graph of f. 


(2S. | me x 


The graph of b is a horizontal shrink 
by a factor of 5 of the graph of f- 


Chapter 8 


factor of z of the graph of f- 


8.1-8.3 Quiz 


Identify characteristics of the quadratic function and its graph. (Section 8.1) 


Graph the function, Compare the graph to the graph of f(x) = x. (Section 8.1 and Section 8.2) 


3, HE) = ae 4. p(x) = 2x? +2 


5. rx) = 402 — 16 6. b(x) = (Sx)? 


7. g(x) = 232 8. m(x) = ~3x2 -—4 


Describe the transformation from the graph of f to the graph of g. Then graph f and g in 
the same coordinate plane. Write an equation that represents g in terms of x. (Section 8.2) 


9. f(x) = 2x? + 1, ge) =f) +2 10. f(x) = —3x? + 12; 2@) =f(x) - 9 


44. f(x) = x? — 2; g(x) = fle) — 6 12. f(x) = 5x2 — 3; e(x) =f) + I 


Graph the function. Describe the domain and range. (Section 8.3) 


Tb JAG) = GbE = aby te 7) Tb, G8) = Be ab eet 


US. SS ge ar di = 5 16. y= —3x7 + 6x +9 


Tell whether the function has a minimum value or a maximum value, Then find the 
value. (Section 8.3} 

17. fx) = 5x2 + 10x — 3 18. f(x) = —x2 + 2x + 16 
UG, y= See ak ibe sh Ie 20. y = 2x? + 8x +3 


21. The distance y (in feet) that a coconut falls after ¢ seconds is given by the function y = 1677. Use 
a graph to determine how many seconds it takes for the coconut to fall 64 feet. (Section 8.1) 


22. The function y = —16r2 + 25 represents the height y (in feet) of a pinecone 


t seconds after falling from a tree. (Section 8.2) 
a. After how many seconds does the pinecone hit the ground? 


b. A second pinecone falls from a height of 36 feet. Which pinecone hits 
the ground in the least amount of time? Explain. 


23. The function shown models the height (in feet) of a softball t seconds after it 
is pitched in an underhand motion. Describe the domain and range. Find the 
maximum height of the softball. (Section 8:3) 


426 Chapter 8 Graphing Quadratic Functions 


oe 
a7 
5 

4 
3 
+2 
1 


} 


y 
( 
‘ 


graph of f. 
9-23. See Additional Answers. 


ip A(t) = —16t? + 32t +2 


The graph of mm is a vertical shrink by a 
factor of > a reflection in the x-axis, and 
a vertical translation 4 units down of the 


Graphing f(x) = a(x — h)? + k 


Essential Question How can you describe the graph of 
“3 TEXAS ESSENTIAL f(x) = a(x — h)? 


KNOWLEDGE AND SKILLS 


A6.B 
ATA oa ROLVNUO\i § Graphing y = a(x — h)2 When h > 0 


ATC 


Work with a partner. Sketch the graphs of the functions in the same coordinate 
plane. How does the value of h affect the graph of y = a(x — h)?? 


a. f(x) = x? and g(x) = (x — 2)? b. f(x) = 2x? and g(x) = 2(x — 2)? 


Stake INO Graphing y = a(x — A)? Whenh <0 


Work with a partner. Sketch the graphs of the functions in the same coordinate 
plane. How does the value of A affect the graph of y = a(x — h)?? 


A, HiC)) = =a etal Go) = Ge ae OP b. f(x) = —2x? and g(x) = —2(% + 2)? 


SELECTING TOOLS 


To be proficient in math, 
you need to consider the 
available tools, such as a = 
graphing calculator, when Communicate Your Answer 
solving a mathematical 
problem. 


3. How can you describe the graph of f(x) = a(x — h)*? 


4, Without graphing, describe the graph of each function. Use a graphing calculator 
to check your answer. 


A ye G = Be 
b. y = & + 3)? 
@ y= =G = 3)P 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


| SUPPORTING English Language Learners 


Present the Essential Question. Have students work in pairs of mixed language abilities to read and 
complete the explorations and Communicate Your Answer. Have them summarize their answers 
and share them with the class. 

Beginning Use simple phrases to summarize answers. 


Intermediate Use complete sentences to summarize answers. 
Advanced/Advanced High Use multiple complex sentences to summarize answers. 


ELPS 4.G.2 Demonstrate comprehension of increasingly complex English by retelling or 
summarizing material commensurate with content area and grade level needs. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
+3 Knowledge and Skills 
A.6.B The student is expected to write 
equations of quadratic functions given 
the vertex and another point on the graph, 
write the equation in vertex form 
(fx) = a(x — h)? + k), and rewrite the 
equation from vertex form to standard 
form (f(x) = ax2 + bx + c). 
A.7.A The student is expected to graph 
quadratic functions on the coordinate 
plane and use the graph to identify 
key attributes, if possible, including 
x-intercept, y-intercept, zeros, maximum 
value, minimum values, vertex, and the 
equation of the axis of symmetry. 


A.7.C The student is expected to 
determine the effects on the graph of 
the parent function f(x) = x? when f(x) is 
replaced by af(x), f(x) + d, f(x — ©), f(bx) 
for specific values of a, b, c, and d. 


ANSWERS 


la. 


\ 


| g(x) = 2(x — 2)? 
aS 

225 ay 28 3 EY 
Sample answer: The value of h 
causes a horizontal translation of 
the graph of y = a(x — h)* from the 
graph of y = ax. 


2-4. See Additional Answers. 
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Extra Example 1 
Determine whether each function is even, 
odd, or neither. 


2h, HOG) = Bie 
The function is odd. 
b. g(x) = 2x2 — 6 


The function is even. 
c. A(x) = 3x2 -2x+4 
The function is neither even nor odd. 


MONITORING PROGRESS 


ANSWERS 
1. odd 


2. neither 
3. even 
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8.4 Lesson 


Core Vocabulary. 


even function, p. 428 

odd function, p. 428 

vertex form (of a quadratic 
function), p. 430 


What You Will Learn 


pm Identify even and odd functions. 

Ph Graph quadratic functions of the form f(x) = a(x — A). 

Pp Graph quadratic functions of the form f(x) = a(x — h)? + k. 
b> Model real-life problems using f(x) = a(x — A)? + k. 


Identifying Even and Odd Functions 


Previous @ Core Concept 


reflection 


| 


STUDY TIP 


The graph of an odd 
function looks the same 
after a 180° rotation 
about the origin. 


STUDY TIP 


Most functions are neither 


even nor odd. t 


Even and Odd Functions 


A function y = f(x) is even when f(—x) = f(x) for each x in the domain of f. 
The graph of an even function is symmetric about the y-axis. 


A function y = f(x) is odd when f(—x) = —f() for each x in the domain of f 
The graph of an odd function is symmetric about the origin. A graph is symmetric 
about the origin when it looks the same after reflections in the x-axis and then in 
the y-axis. 


P EXAMPLE 1 Identifying Even and Odd Functions 


Determine whether each function is even, odd, or neither. 


a. f(x) = 2x b. g(x) =x? - 2 c. A(x) = 2x2 +x-2 
SOLUTION 
a. f(x) = 2x Write the original function. 
Hi 59) = 29) Substitute —x for x, 
= —-2x Simplify. 
= —f(x) Substitute f(x) for 2x. 
> Because f(—x) = —f(x), the function is odd. : 
bs AD) Hse = 2 Write the original function. 
A=) = (GyP = 2 Substitute —x for x. 
aa 2 Simplify. 
= g(x) Substitute g(x) for x? — 2. 


p> Because g(—x) = g(x), the function is even. 


@ (46) = Be sas = 2 Write the original function. 
h(—x) = 2(—x)? + (—) — 2 Substitute —x for x. 
=22-x-2 Simplify. 


bP Because A(x) = 2x? + x — 2 and —A(x) = —2x? — x + 2, you can conclude 
that A(—x) # h(x) and h(—x) # —A(x). So, the function is neither even nor odd. 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Determine whether the function is even, odd, or neither. 


1. fx) = 5x 2. g(x) = 2% 5), JHC) = Dee +b 3 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigideasMath.com. 


Graphing f(x) = a(x — h)? 
G Core Concept 


Graphing f(x) = a(x — h)2 

* When / > 0, the graph of f(x) = atx — hh)? i = ©) 
is a horizontal translation / units right of the ¥. 
graph of f(x) = ax. 


* When hk < 0, the graph of f() = a(x = hy? 
is a horizontal translation |A| units left of the h<0 h>0 
graph of f(x) = ax?, 


The vertex of the graph of f(x) = a(x — h)? is. 
(h, 0), and the axis of symmetry is x = h. 


EXAMPLE 2 Graphing y = a(x — h)2 


ANOTHER WAY Graph g(x) = s(x — 4). Compare the graph to the graph of f(x) = x2. 
In Step 3, you could SOLUTION 
instead choose two 
x-values greater than Step 1 Graph the axis of symmetry. Because h = 4, graph x = 4. 
the x-coordinate of 


Step 2 Plot the vertex. Because h = 4, plot (4, 0). 
the vertex. 


Step 3 Find and plot two more points on the graph. Choose two x-values less than 
the x-coordinate of the vertex. Then find g(x) for each x-value. 


When x = 0: When x = 2: 
BO =O he G0) 24) 
=8 =2 


So, plot (0, 8) and (2, 2). 


Step 4 Reflect the points plotted in Step 3 in the axis of symmetry. So, plot (8, 8) 
and (6, 2). 


Step 5 Draw a smooth curve 


STUDY TIP through the points. 


From the graph, you can 
see that f(x) = x2 is an 
even function. However, 
g(x) = 3 — 4)? is neither 
even nor odd. 


> Both graphs open up. The graph of g is wider than the graph of f The axis of 
symmetry x = 4 and the vertex (4, 0) of the graph of g are 4 units right of the axis 
of symmetry x = 0 and the vertex (0, 0) of the graph of f. So, the graph of g is a 
translation 4 units right and a vertical shrink by a factor of of the graph of f 
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Graph the function. Compare the graph to the graph of f(x) = x2, 
4. g(x) = 2(x + 5)? 5. h(x) = —( — 2)? 
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English Language Learners 


Graphic Organizer 
Have students make a table like this one for Example 2 to organize the attributes of the function 


they are comparing to f(x) = x2. Encourage them to use the information to write their comparison. 


= 5 (x — 4) 


x=4 
Vertex (4, 0) 
Type of shrink or stretch (factor) vertical shrink (0.5) 


Translation 4 units right 


Extra Example 2 
Graph g(x) = x + 2). Compare the 
graph to the graph of f(x) = x2, 


Both graphs open up. The graph of g 

is wider than the graph of f The axis 

of symmetry, x = ~—2, and the vertex, 
(—2, 0), of the graph of g are 2 units left 
of the axis of symmetry, x = 0, and the 
vertex, (0, 0), of the graph of f. So, the 
graph of g is a translation 2 units left 
and a vertical shrink by a factor of ; of 
the graph of f. 


MONITORING PROGRESS 
ANSWERS 


eee 2 


The graph of g is a horizontal 
translation 5 units left and a vertical 
stretch by a factor of 2 of the graph 


eee ae Se) Se ee en ree 


The graph of A is a horizontal 
translation 2 units right and a 
reflection in the x-axis of the graph 


of f. 
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Extra Example 3 
Graph g(x) = —3(x + 2)? + 2. Compare 
the graph to the graph of f(x) = x2. 


ve 


(oo) 30+ 2)? 22) 


The graph of g opens down and is 
narrower than the graph of f The vertex 
of the graph of g, (—2, 2), is 2 units left 
and 2 units up of the vertex of the graph 
of f, (0, 0). So, the graph of g is a vertical 
stretch by a factor of 3, a reflection in the 
x-axis, and a translation 2 units left and 
2 units up of the graph of f. 


Extra Example 4 
Consider function g in Extra Example 3. 
Graph f(x) = g(x — 4). 


MONITORING PROGRESS 
ANSWERS 


| 29 4 Bix 


The graph of g is a vertical stretch by 
a factor of 3, and a translation | unit 
right and 6 units up of the graph of f. 
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[goo = -2 + 2)? + 3} 


(g(x) = —2(x + 2)? + 3} 
sila ming ole 


eae 


t 


(109 = ate + 3) 
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Graphing f(x) = a(x — h}*? +k 


G Core Concept 


Graphing f(x) = a(x — h)? + k 
The vertex form of a quadratic function 
is f(x) = a(x — h)? + k, where a # 0. 
The graph of f(x) = a(x ~ h) + kis 
a translation A units horizontally and 
k units vertically of the graph of 
FQ) = ar. 


The vertex of the graph of 
f(a) = a — hh)? + kis (h, k), 
and the axis of symmetry is x = h. 


EXAMPLE 3 Graphing y = a(x — h)? +k 


f(x) = a(x —h)2 +k 


Graph g(x) = —2(x + 2)? + 3. Compare the graph to the graph of f(x) = x’. 


SOLUTION 


Step 1 Graph the axis of symmetry. Because h = —2, graph x = —2. 

Step 2 Plot the vertex. Because h = —2 and k = 3, plot (—2, 3). 

Step 3 Find and plot two more points on the graph. ee 2s 
Choose two x-values less than the x-coordinate : 
of the vertex. Then find g(x) for each x-value. gion] —5 1 
So, plot (—4, —5) and (—3, 1). ee 

Step 4 Reflect the points plotted in Step 3 in the axis of symmetry. So, plot (—1, 1) 


and (0, —5). 


Step 5 Draw a smooth curve through the points. 


> The graph of g opens down and is narrower than the graph of f The vertex of the 
graph of g, (—2, 3), is 2 units left and 3 units up of the vertex of the graph of f, 
(0, 0). So, the graph of g is a vertical stretch by a factor of 2, a reflection in the 
x-axis, and a translation 2 units left and 3 units up of the graph of f. 


EXAMPLE 4 Transforming the Graph of y = a(x — h)? +k 


Consider function g in Example 3. Graph f(x) = g(x + 5). 


SOLUTION 


The function f is of the form y = g(x — h), where A = —5. So, the graph of fis a 
horizontal translation 5 units left of the graph of g. To graph f, subtract 5 from the 
x-coordinates of the points on the graph of g. 
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Graph the function. Compare the graph to the graph of f(x) = x?. 


6. g(x) = 3(x — 1° +6 7. kG) =5@ +4? —2 


Graphing Quadratic Functions 


Te 


+ 


a 
} 


factor of 5 and a translation 4 units left and 


2 units down of the graph of f. 


Modeling Real-Life Problems Extra Example 5 


Oe §©=Modeling with Mathematics Use the information in Example 5. The 


Water fountains are usually designed to give a specific visual effect. For example, vertex Is (3, 4), and the water lands 6 feet 
the water fountain shown consists of streams of water that are shaped like parabolas. from the water jet. Write and graph a 


Notice how the streams are designed to land on the underwater spotlights. Write and quadratic function that models the path of 
graph a quadratic function that models the path of a stream of water with a maximum 


height of 5 feet, represented by a vertex of (3, 5), landing on a spotlight 6 feet from the the stream of water. 

water jet, represented by (6, 0). f(x) = E(x Zs 3)24 4 
3 

SOLUTION 


1. Understand the Problem You know the vertex and another point on the graph 4 
that represents the parabolic path. You are asked to write and graph a quadratic ; 
function that models the path. 

2. Make a Plan Use the given points and the vertex form to write a quadratic 
function. Then graph the function. 

3. Solve the Problem 
Use the vertex form, vertex (3, 5), and point (6, 0) to find the value of a. 

f@®=alx-hP+k Write the vertex form of a quadratic function. 1 
iC) = ibe = BNP oe GS Substitute 3 for A and 5 for k. | MONITORING PROGRESS 
0 = a(6 -— 3) +5 Substitute 6 for x and 0 for f(x). ANSWER 
SS He ei! 
@= ont 5 Simplify 2) OQ = t= 3) 1G 
aa =a Solve for a. AT ee 
So, fQ) = 3 (x — 3)? + 5 models the path of a stream of water. Now graph 


the function. 
Step 1 Graph the axis of symmetry. Because h = 3, graph x = 3. 
Step 2 Plot the vertex, (3, 5). 


Step 3 Find and plot two more points on the graph. Because the x-axis represents 
the water surface, the graph should only contain points with nonnegative 
values of f(x). You know that (6, 0) is on the graph. To find another point, 
choose an x-value between x = 3 and x = 6. Then find the corresponding 


i 23) 4 G iH thie 


value of f(x). 
2 I 
(4.5) = —3(4.5 — 3)? +5 = 3.75 ps =e 
4 [fod = ~3(x - 32 + 5| 
Max imura So, plot (6, 0) and (4.5, 3.75). C oe! 


Step4 Reflect the points plotted in Step 3 
in the axis of symmetry. So, plot 
(0, 0) and (1.5, 3.75). 


Step 5 Draw a smooth curve through the points. 


4. Look Back Use a graphing calculator to graph f(x) = ~3(x — 3)? + 5. Use the 
maximum feature to verify that the maximum value is 5. Then use the zero feature 
to verify that x = 6 is a zero of the function. 
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9. WHAT IF? The vertex is (3, 6). Write and graph a quadratic function that models 
the path. 
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Closure 


e Exit Ticket: Given f(x) = 3(x + 8) + 4, tell what you know about the function. The graph 
opens up and is wider than the graph of y = x?. The axis of symmetry is x = —8. The vertex is 
(—8, 4). The domain is all real numbers. The range is y > 4. So, the graph of fis a vertical shrink 
by a factor of 5 and a translation 8 units left and 4 units up of the graph of y = x2. 
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8.4 Exe rcises Dynamic Solutions available at BigideasMath.com 


. Assignment Guide and 
Homework Check 


Vocabulary and Core Concept Check 


. VOCABULARY Compare the graph of an even function with the graph of an odd function. 


ASSIGNMENT 
Basic: 1-4, 5-55 odd, 63, 70, 79-81 
Average: 1-3, 4—/0 even, 79-81 


Advanced: 1-4, 12-16 even, 22, 
26-38 even, 42—48 even, 52-68 even, 
69-81 


. OPEN-ENDED Write a quadratic function whose graph has a vertex of (1, 2). 
. WRITING Describe the transformation from the graph of f(x) = ax? to the graph of g(x) = a(x — hb)? +k 


. WHICH ONE DOESN'T BELONG? Which function does not belong with the other three? 
Explain your reasoning. 


HOMEWORK CHECK 

Basic: 5, 23, 39, 49, 63 
Average: 8, 24, 40, 50, 64 
Advanced: 12, 26, 42, 52, 64 


f(x) = 8 + 4)? f®=@-2yr+4 HED) SAGs OF} BES) = See ae WP ae 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5~12, determine whether the function is In Exercises 19-22, find the vertex and the axis of 
even, odd, or neither. (See Example J.) symmetry of the graph of the function. 
5. f(x) =4 +3 6. 9(x) = 3x2 19. f(x) = 3(x + 1)? 20. f(x) =4- 6) 
ANSWERS ‘ 
1. Sample answer: The graph of an 7. AQ) = 5* +2 8. m(x) = 2x? — 7x 21. y= (x — 4 22. y = —S(x + 9)? 
even function is symmetric about the 1 ; 
), G9) = xe ap 10, C9) = =e In Exercises 23-28, graph the function. Compare the 


y-axis. The graph of an odd function 


) a ; ee graph to the graph of f(x) = x2. (See Example 2.) 
is symmetric about the origin. 11. SS ie — Tete PL, iC) = SC? ES 

y ae a ans ieee 23. gx) =Ae +3) 2H. pl) = Hex - WP 
2. Sample answer: y = 5(x — 1)° + 2 


, : In Exercises 13-18, determine whether the function ‘ee 5 i % 
3. The graph of g is a horizontal represented by the graph is even, odd, or neither. 25. r(x) = g(x + 10)° 26. n(x) = 3(« — 6) 


translation / units right if his positive 


as 13. 27, d(x) =+(~ — 5 28. g(x) = 6(x + 2)? 
or |h| units left if # is negative, and : 
a vertical translation k units up if 29. ERROR ANALYSIS Describe and correct the error in 
kis positive or k| units down if k determining whether the function f(x) = x? + 3 is 
is negative of the graph of f. even, odd, or neither. 
4, f(x) = 2(x + 0); It is the only ; 
function that is not a horizontal 15. x F(x) =x? +3 
translation of the parent function A(x) = (x? +3 
8 
g(x) = x7. 243 
; =f 
5. neither © 
So, f(x) is an odd function. 
6. even s 
US tans 17. 30. ERROR ANALYSIS Describe and correct the error in 
8. neither finding the vertex of the graph of the function. 
9. even ae 
VS Hear 
10. odd x Because h = —8, the vertex 
11. neither is (O, —8). 
12. even 
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14. neither 
15. neither 


16. even ee 

17. odd a 3) 

18. neither I 

1), (= Oye=—l ee ii ! 

20. (6,0);x = 6 ie } 

21. (4,0); * =4 He sp 

22. (—9,0);x = —9 li 

ees er p tx ea! Nata 2 SS See! 

The graph of g is a horizontal translation The graph of p is a horizontal translation 
3 units left and a vertical stretch by a factor 1 unit right and a vertical stretch by a factor 
of 2 of the graph of f. of 3 of the graph of f- 


25-30. See Additional Answers. 
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In Exercises 31-34, find the vertex and the axis of In Exercises 49-54, graph g. (See Example 4.) 
synimetry of the graph of the function. 


Sy OU 4)? — i S2. (l= 30 3)2 6 


49. f(x) = 2x — 1)? + 1; g(x) = fr + 3) Dynamic Teaching Tools 


50. f(x) = —( + 1)? + 2; e@) = 47m) Dynamic Assessment & Progress Monitoring Tool 


33. fe) = 400 + 3% +134. y= -(r— 6-5 


Interactive Whiteboard Lesson Library 


51. fx) = —3(x + 5)? — 6; g(x) = 2f(x) 


In Exercises 35-38, match the function with its graph. 
= Sie = = jh = = 
35. y=—(xt 12-3 36. y= —4e - 192 43 525 a) a 


Dynamic Classroom with Dynamic Investigations 


37, y=Mx-1+3 38. y= 2412-3 93: J ge) a) 


ANSWERS 


54. f(x) = —2(% — 4)? — 8; a(x) = —fG) Sil, (Sah, =2)R ea = 


A. 
32. (3,6):x = 
55. MODELING WITH MATHEMATICS The height 
(in meters) of a bird diving to catch a fish is abr 2), 1);x = —3 
represented by A(t) = 5(t — 2.5)?, where f is the 34 (6 —5); x=6 
number of seconds after beginning the dive. : ‘ ‘ 
aby (C 
a. Graph h. 
tee 36. A 
(e. b. Another bird’s dive 
is represented by 37. D 
r(t) = 2h(t). Graph r. 38. B 
c. Compare the graphs. 39, 
Which bird starts its 
dive from a greater 
height? Explain. 
In Exercises 39~44, graph the function. Compare the 56. MODELING WITH MATHEMATICS A kicker punts 
graph to the graph of f(x) = x?. (See Example 3.) a football. The height (in yards) of the football is 


represented by f(x) = Hx — 30)? + 25, where x 
is the horizontal distance (in yards) from the kicker’s 
goal line. 


39. A) =(x- 2/7 +4 40. g(x) = (e+ 1)?-7 


Al rx) =4@-1%-5 42. n@) = -(@4+ 4242 


2m ae > [24 


a. Graph f Describe the domain and range. ee 
The graph of / is a translation 2 units 
right and 4 units up of the graph of f 


wes Bo ss a RE 
net) i ee b. On the next possession, the kicker punts the 


football. The height of the football is represented 
by g(x) = f(a + 5). Graph g. Describe the domain 
and range. 


In Exercises 45-48, let f(x) = (x — 2)? + 1. Match the 
function with its graph. 


poe) f= |) oe a a) c. Compare the graphs. On which possession does 
: : 2 i ; 
4, hi) = fl) +2 48, po) =fG)—3 the kicker punt closer to his goal line? Explain. 
A In Exercises 57-62, write a quadratic function in yertex 
; form whose graph has the given vertex and passes 
through the given point. 
57. vertex: (1, 2); passes through (3, 10) 
58. vertex: (—3, 5); passes through (0, —14) ; d F 
The graph of g is a translation | unit 
c. 59. vertex: (—2, —4); passes through (—1, —6) left and 7 units down of the graph 


60. vertex: (1, 8), passes through (3, 12) 


61. vertex: (5, —2); passes through (7, 0) 


62. vertex: (—5, —1); passes through (—2, 2) 


= ax — 1% — 5] 
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fee 


43-62. See Additional Answers. a ae, oi Re 
The graph of r is a vertical stretch by 


a factor of 4, and a translation | unit 
right and 5 units down of the graph 


of f- 


“Inod = -(e +42 +2) 
The graph of # is a reflection in the x-axis, 


and a translation 4 units left and 2 units up 
of the graph of f. 
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63. MODELING WITH MATHEMATICS A portion of a In Exercises 71-74, describe the transformation from 
ANSWERS roller coaster track is in the shape of a parabola. the graph of f to the graph of . Write an equation that 
= 2 Write and graph a quadratic function that models this represents / in terms of x. 
63. f(x) = 725% 25)° + 90 portion of the roller coaster with a maximum height n ee eo ee = Un = eee 
of 90 feet, represented by a vertex of (25, 90), passing : i _ @ y ; : ) a ie ia Z 
through the point (50, 0). (See Example 5.) eo Neic) Ci 2 


Roller Coaster Track 


Meee Mie Sas ae 73. f@=4a-2P4+3 74. f= -@+5)P?-6 
100] |x) = —78@ — 25)? + 90} ay 
ba (A 2 = aan? y = } A(x) = 2F (x) h@e) = + F(x) 
2 ef 7S. REASONING The graph of y = x? is translated 2 units 
2 a right and 5 units down. Write an equation for the 
cae function in vertex form and in standard form. Describe 
om 70 we advantages of writing the function in each form. 
‘@ 40 
= 30 
20 |- 64. MODELING WITH MATHEMATICS A flare is launched 76. THOUGHT PROVOKING Which of the following are 
10 from a boat and travels in a parabolic path until true? Justify your answers. 
0 : t reaching the water. Write and graph a quadratic A errennnilita Oxo : ee 
0 10 20 30 40 50x function that models the path of the flare with a a Any constant MUP Ot an ee a eee 
Distance (feet) maximum height of 300 meters, represented by b. Any constant multiple of an odd function is odd. 


Zi Yensx OOo: SOO Ebisu Ne elisa: c. The sum or difference of two even functions is even. — 
point (119, 0). 


64-81. See Additional Answers. d. The sum or difference of two odd functions is odd. — 


In Exercises 65-68, rewrite the quadratic function in 6 : 
: 4q e. The sum or difference of an even function and an 


vertex form. odd function is odd. 


6S. y=2x?-8x+4 66. y= 3x°+6x-1 


67. f(x) = —5x2+ 10x +3 77. COMPARING FUNCTIONS A cross section of a 
birdbath can be modeled by y = ax — 18)? — 4, 
G8.) ae Sc where x and y are measured in inches. The graph 


shows the cross section of another birdbath. 
69. REASONING Can a function be symmetric about the 


Mini-Assessment eee Ege 


: . 70. HOW DO YOU SEE IT? The graph of a quadratic 
| 1. Determine whether the function function is shown. Determine which symbols to 


f(x) = x2 + 5 is even, odd, or use to complete the vertex form of the quadratic 
neither. even function. Explain your reasoning. 


. Graph g(x) = 2(x — 3)*. Compare 
the graph to the graph of f(x) = x2. 


g(x) = 2(x — 3) 
ye 


a. Which birdbath is deeper? Explain. 
b. Which birdbath is wider? Explain. 
78. REASONING Compare the graphs of y = 2x? + 8x +8 


and y = x? without graphing the functions. How can 
factoring help you compare the parabolas? Explain. 


y=an 2S 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


The graph of g is a translation 
3 units right and a vertical stretch 
by a factor of 2 of the graph of f. 

: Graph g( )=—-—(x + 3)2 =i 434 Chapter 8 Graphing Quadratic Functions 


Solve the equation. (Section 7.5) 


79. x(x- 1)=0 80. (x + 3\(x— 8) =0 81. (x — 9)(4x + 12) =0 


Compare the graph to the graph 
of f(x) = x?. 


If students need help... If students got it... 


Resources by Chapter Resources by Chapter 
® Practice A and Practice B © Enrichment and Extension 


© Puzzle Time © Cumulative Review 


Student Journal 


; Start the next Section 
© Practice 


(900 =-~«+3)2-1] 


Differentiating the Lesson 
The graph of g Is a reflection in the Skills Review Handbook 
x-axis, and a translation 3 units left 


and 1 unit down of the graph of f. 
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TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A.6.A 

A.6.B 

A.6.C 

ATA 

ATB 


MAKING 
MATHEMATICAL 
ARGUMENTS 


To be proficient in math, 
you need to justify your 
conclusions and 
communicate them 

to others. 


Using Intercept Form 


Essential Question What are some of the characteristics of the 
graph of f(x) = a(x — p)(x — 4)? 


2 dake Niie)\lg Using Zeros to Write Functions 


Work with a partner. Each graph represegts a function of the form 
FC) = & — py — g) or f(x) = —@& — p)(x — g). Write the function 
represented by each graph. Explain your reasoning. 


a. 4 b. 4 


te 4 


=f —4 
& a d. 4 
-_— “k-- 6 -6 YU 6 
=A -4 
e. 4 f. 
al AY > ot 
-4 
g. 4 h. 4 
A HA 
-—4 -4q 


Communicate Your Answer 


2. What are some of the characteristics of the graph of f(x) = a(x — p)(x — 4)? 


3. Consider the graph of f(x) = a(x — p(x — q). 


a. Does changing the sign of a change the x-intercepts? Does changing the sign 


of a change the y-intercept? Explain your reasoning. 


b. Does changing the value of p change the x-intercepts? Does changing the 
value of p change the y-intercept? Explain your reasoning. 


Section 8.5 Using Intercept Form 


SUPPORTING English Language Learners 


Present the Essential Question. Have students work in pairs to complete the exploration and 


Communicate Your Answer. Have them share their answers with the class. 


Beginning/Advanced Beginning students read headings. Advanced students read exploration 

instructions and Communicate Your Answer questions. When sharing answers, Beginning students 
use simple phrases and Advanced students use multiple sentences. 
Intermediate/Advanced High Intermediate students read Exploration 1. Advanced High 
students read Communicate Your Answer questions. When sharing answers, Intermediate students 
use complete simple sentences and Advanced High students use multiple sentences. 


ELPS 4.G.3 Demonstrate comprehension of increasingly complex English by responding to 
questions commensurate with content area and grade level needs. 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


ne ee ee 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic investigations 


Texas Essential 

Knowledge and Skills 
A.6.A The student is expected to 
determine the domain and range of 


quadratic functions and represent the 
domain and range using inequalities. 


A.6.B The student is expected to write 
equations of quadratic functions given 
the vertex and another point on the 
graph, write the equation in vertex form 
(f(x) = a(x — h)? + k), and rewrite the 
equation from vertex form to standard 
form (f(x) = ax? + bx +0). 

A.6.C The student is expected to write 
quadratic functions when given real 
solutions and graphs of their related 
equations. 


A.7.A The student is expected to graph 
quadratic functions on the coordinate 
plane and use the graph to identify 

key attributes, if possible, including 
x-intercept, y-intercept, zeros, maximum 
value, minimum values, vertex, and the 
equation of the axis of symmetry. 


A.7.B The student is expected to describe 
the relationship between the linear factors 
of quadratic expressions and the zeros of 
their associated quadratic functions. 


ANSWERS 
il, & y= Ge — Wits — Dp Nazaaile 
answer: The graph opens up and 
the x-intercepts are | and 2. 
b. y = —(x — 1)(x — 2); Sample 
answer: The graph opens down 
and the x-intercepts are | and 2. 


ce. y= x(x — 3); Sample 
answer: The graph opens up and 
the x-intercepts are 0 and 3. 

d. y = x(x + 3); Sample 
answer: The graph opens up and 
the x-intercepts are 0 and —3. 

e. y = —x(x + 3); Sample 
answer: The graph opens down 
and the x-intercepts are 0 and —3. 


1f—3. See Additional Answers. 


For a section overview and insights 
into this Exploration page, see 
Laurie’s Notes at BigideasMath.com. 


Section 8.5 435 


Extra Example 1 ce ie What You Will Learn 


Graph f(x) = (x = 1)(x ae 3). Describe the ® Graph quadratic functions of the form f(x) = a(x — p)(x — q). 
domain and range. | C V l > Use intercept form to find zeros of functions. 
> 


Graphing and writing quadratic functions. 


| intercept form, p. 436 ® Graphing and writing cubic functions. 


Graphing f(x) = a(x — p)(x — q) 

You have already graphed quadratic functions written in several different forms, such 
as f(x) = ax? + bx + ¢ (standard form) and g(x) = a(x — A)? + k (vertex form). 
Quadratic functions can also be written in intercept form, f(x) = a(x — p)(x ~ q), 


7 where a # 0. In this form, the polynomial that defines a function is in factored form 
r 3)| and the x-intercepts of the graph can be easily determined. 


G) Core Concept 


Graphing f(x) = a(x — p)(x — q) 


¢ The x-intercepts are p and q. 


The domain is all real numbers. The range 
isy2—4. 


¢ The axis of symmetry is halfway between 
(p, 0) and (q, 0). So, the axis of symmetry 

= eet) 

a 


¢ The graph opens up when a > 0, and the 
graph opens down when a < 0. 


SENN aaa Graphing f(x) = a(x — p)(x — q) 


Graph f() = —( + 1)(x — 5). Describe the domain and range. 


SOLUTION 
Step 1 Identify the x-intercepts. Because the x-intercepts are p = —1 and g = 5, 
plot (—1, 0) and (5, 0). 
Step 2. Find and graph the axis of symmetry. [fOx) = —(« + 1x — 5) 
p+q_-Il+5 Neer oe 
mee) 
eee 2 d N (2,9): | 


Step 3 Find and plot the vertex. 


The x-coordinate of the vertex is 2. 
To find the y-coordinate of the vertex, 
substitute 2 for x and simplify. 


HOD) = AG or NG = a) = ©) 
So, the vertex is (2, 9). 


Step 4 Draw a parabola through the vertex and 
the points where the x-intercepts occur. 


> The domain is all real numbers. The range is y < 9. 
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For classroom suggestions on teaching this lesson, see Laurie's Notes 
at BigideasMath.com. 
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EXAMPLE 2 Graphing a Quadratic Function Extra Example 2 


Graph f(x) = 2x? — 8. Describe the domain and range. Graph f(x) = 3x2 — 3. Describe the 
SOLUTION domain and range. 
Step 1 Rewrite the quadratic function in intercept form. 
f@)=22-—8 Write the function. 
= (42 — 4) Factor out common factor. 


= 2(x + 2)(x — 2) = Difference of two squares pattern 


Step 2 Identify the x-intercepts, Because the x-intercepts are p = ~2 and g = 2, re 
plot (—2, 0) and (2, 0), AL. 
Soe — 
Step 3 Find and graph the axis of symmetry. —s WB TA CIE) Slate 


[Dae Gf SH 2a a 
a 2 


a8 0 


The domain is all real numbers. The range 
Sy —3. 


Step 4 Find and plot the vertex, 


The x-coordinate of the vertex is 0. 
The y-coordinate of the vertex is 


f(0) = 2(0)? — 8 = —8. 


So, the vertex is (0, —8). 


Extra Example 3 
Find the zeros of f(x) = (x — 5)(x + 7). 
The zeros of the function are —7 and 5. 


Step 5 Draw a parabola through the vertex and 
the points where the x-intercepts occur. 


MONITORING PROGRESS 


ANSWERS 
I. 


> The domain is all real numbers. The range is y 2 —8. 
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Graph the quadratic function. Label the vertex, axis of symmetry, and 
x-intercepts. Describe the domain and range of the function. 


1. f@@) = (+ 2)- 3) 2. g(x) = -200 -— 4x + 1) 3. A(x) = 4x? — 36 i (Wadi (x + 2)(x — 3) 


REMEMBER 


Functions have zeros, and 
graphs have x-intercepts. 


Using Intercept Form to Find Zeros of Functions 


In Section 3.4, you learned that a zero of a function is an x-value for which f(x) = 0. 
You can use the intercept form of a function to find the zeros of the function, 


ON ese § Finding Zeros of a Function 


il 
Find the zeros of f(x) = (x — 1)(x + 2). Vee. 
Check SOLUTION ae 
ee 6 
To find the zeros, determine the x-values for which f(x) is 0. 
f@) = @— 1G +2) Write the function, 
A 7 0 = (x— 1x + 2) Substitute 0 for F(x). 
rs j 
{ x-1=0 or x+2=0 Zero-Product Prope 
{ perty 
‘ x=1 or p= = Solve for x. 
t a -4 er6 = 
ese 


(90) = ~ 20 — 4) x + 1) 
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domain: all real numbers, range: 
ys 125 


Differentiated Instruction : 2 : i g 


| Kinesthetic 
"Ask two students to assist you at the board to solve a problem like Example 1 or Example 2. Assign 
finding the x-intercepts, the axis of symmetry, and the vertex of a function to one student. Assign 
graphing the x-intercepts, axis of symmetry, the vertex, and the parabola to the second student. 
Have students discuss how the intercepts, axis, and vertex relate to the function and its graph. 


{hoo = 4x2 — 36 
(0, =36) | 


domain: all real numbers, range: 
2 so 
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Extra Example 4 
Find the zeros of each function. 
a. f(x) = 2x2 — 8x — 24 
The zeros of the function are —2 and 6. 
b. A(x) = (x — 2)(x? — 25) 
The zeros of the function are —5, 2, 
and 5. 


Extra Example 5 
Use zeros to graph h(x) = x? + 3x — 4. 
The zeros are —4 and 1. 


aCe 3 
io leainesoc 


MONITORING PROGRESS 
ANSWERS 

4. 1,6 

2 

6. —1,0,1 
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G) Core Concept 


Factors and Zeros 


For any factor x — n of a polynomial, is a zero of the function defined by 
the polynomial. 


EXAMPLE 4 Finding Zeros of Functions 


Find the zeros of each function. 


BY Op = =e = Oe = 12 b. A(x) = (« — 1)? — 16) 


ANALYZING 

MATHEMATICAL sOrunien 

RELATIONSHIPS Write each function in intercept form to identify the zeros. 
| The function in Example aL OS = = Oe = 12 Write the function. 


A(b) is called a cubic 
function. You can extend 
the concept of intercept 
form to cubic functions. 

You will graph a cubic P So, the zeros of the function are —3 and —2. 
function in Example 8. 


= —2(x2 + 5x + 6) Factor out common factor. 


Factor the trinomial. 


i 


= UG ap BGs se 2B) 


b. h(x) = @ — 1)02 — 16) 
= — 1x + 4 - 4) 


Write the function. 


Difference of two squares pattern 


> So, the zeros of the function are —4, 1, and 4. 


Monitoring Progress @) Help in English and Spanish at BigideasMath.com 
Find the zero(s) of the function. 


A, oN = be=— Oe = 1), eG) = Be — ee sk 1D 6. A(x) = x02 -— 1) 


Graphing and Writing Quadratic Functions 


EXAMPLE 5 Graphing a Quadratic Function Using Zeros 


Use zeros to graph A(x) = x? — 2x — 3. 
SOLUTION 


The function is in standard form. You know that the parabola opens up (a > 0) and 
the y-intercept is —3. So, begin by plotting (0, —3). 
USING PRECISE 
MATHEMATICAL 
LANGUAGE 


To sketch a more precise 
graph, make a table of 
values and plot other 
points on the graph. 


Notice that the polynomial that defines the 
function is factorable. So, write the function 
in intercept form and identify the zeros. 
HGOy = 52 = Dye = 3 Write the function. 
=(x + 1)@ — 3) Factor the trinomial. 


The zeros of the function are —1 and 3. So, 
plot (—1, 0) and (3, 0). Draw a parabola through 
the points. 


x? ~ 2x —3 
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STUDY TIP 


In part (a), many possible 
functions satisfy the given 
condition. The value 

a can be any nonzero 
number. To allow easier 
calculations, let a = 1. By 
letting a = 2, the resulting 
function would be 

F(x) = 2x2 — 6x — 56. 


EXAMPLE «Writing Quadratic Functions Extra Example 6 


Write a quadratic function in standard form whose graph satisfies the | Write a quadratic function in standard 
iven condition(s). +f : 
2 (s) form whose graph satisfies the given 


. X-Inter 1-4 . nS Aen 
a. x-intercepts and 7 bavette xm ( =o) condition(s). 
s : 
preTlen a. x-intercepts: -1 and 5 
a. Because you know the x-intercepts, use intercept form to write a function. Sample answer: f(x) mR = Hine 
(x) = a(x — phx — 4) Intercept form 
a ‘ Sem b. vertex: (—3, —2) 
= I(x + 4)(x — 7) Substitute for a, p, and q. j f 5 
=2-Ix+ 4x—28 FOIL Method Sample answer: f(x) = x? + 6x +7 
BaP = Bye = 7S Combine like terms. 


Extra Example 7 


b. Because you know the vertex, use vertex form to write a function. The graph represents a quadratic function 


= — ; : 
HO) aa ise Write the function. 
= la +3)? +4 Substitute for a, h, and k. 
= ab (iyede @) 45 al Find the product (x + 3)?. 
=x? +6x+ 13 Combine like terms. 


SN id0aeA Writing a Quadratic Function 


The graph represents a quadratic function. Write the function. 


SOLUTION 


From the graph, you can see that the x-intercepts are —9 and —2. Use intercept form 
to write a function. 


FS) = a(x — p)(x — 4g) Intercept form 
= a(x + 9)(x + 2) Substitute for p and q. f(x) a ge db yd a 2) 
Use the other given point, (—4, 20), to find the value of a. 
20 = a(—4 + 9)(-4 + 2) Substitute —4 for x and 20 for f(x). MONITORING PROGRESS 
20 = a(5)(—2) Simplify. ANSWERS 
-—2=a Solve for a, 7. - 
Use the value of a to write the function. 
fd = —2@ + 9) + 2) Substitute —2 for a. 
= Sp = De = FS Simplify. 


> The function represented by the graph is f(x) = —2x? — 22x — 36. 
h 6 8 10x, 


F(x) = (x — 1) — 4) 
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Use zeros to graph the function. 
i HC) = = WN 4) 8. g(x) = ?+x-12 


Write a quadratic function in standard form whose graph satisfies the 
given condition(s). 


9. x-intercepts: —1 and | 10. vertex: (8, 8) 


11. The graph at the left represents a quadratic function. Write the function. BN sas 
; | g(x) = x2 + x — 12 
Section 8.5 Using Intercept Form 439 ee 


fe al: 
i i 


9. Sample answer: f(x) = x2 - 1 


10. Sample answer: 
FQ) =x — itr + 72 


LW. f(x) = yx? - 5x 
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Extra Example 8 
Use zeros to graph f(x) = —x3 + 16x. 


———— Sa 
(foo = will 16x 


Extra Example 9 
The graph represents a cubic function. 
Write the function. 


f(x) = x3 — 10x2 + 24x 


MONITORING PROGRESS 


ANSWERS 
12. 


13. 


(hw) = 2 — 62 + 5x] 


Wal, Ge) = se ob Be = ae = 3B 
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| Closure — 


Graphing and Writing Cubic Functions 


In Example 4, you extended the concept of intercept form to cubic functions. 


ff) = a(x — Pa@-ga-r,a#0 Intercept form of a cubic function 


The x-intercepts of the graph of fare p, g, and r. 


EXAMPLE 8 Graphing a Cubic Function Using Zeros 


Use zeros to graph f(x) = x7 — 4x, 


SOLUTION 


Notice that the polynomial that defines the function is factorable. So, write the 
function in intercept form and identify the zeros. 


FOS) = = as Write the function. 
= Ge = a) Factor out x. 
= x(x + 2)(@@ — 2) Difference of two squares pattern 


The zeros of the function are —2, 0, and 2. So, plot (—2, 0), (0, 0), and (2, 0). 


To help determine the shape of the graph, find points iS 
between the zeros. Plot (— 1, 3) and (1, —3). Draw a | ll 1 
smooth curve through the points. _ fod | 3 -3 


EXAMPLE 9 Writing a Cubic Function 


The graph represents a cubic function. Write the function. 


SOLUTION 


From the graph, you can see that the x-intercepts are 0, 2, and 5. Use intercept form 
to write a function. 


HOD) = As = Pes = Gee =F) Intercept form 
= a(x — O)(x — 2)(x — 5) Substitute for p, g, and r. 
= a(x)(x — 2)(x — 5) Simplify. 
Use the other given point, (3, 12), to find the value of a. 
12 = a(3)(3 — 2)(3 — 5) Substitute 3 for x and 12 for f(x). 
—2=a Solve for a. 


Use the value of a to write the function. 
HG) = ENG = Aes = Dh Substitute —2 for a. 
= 258 sb Nel? = ake Simplify. 


> The function represented by the graph is f(x) = —2x3 + 14x? — 20x. 
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Use zeros to graph the function. 
44, (463) 162 = WIGe = 2Ge se 3})) 1B. (AG) = re = Gi a Se 


14. The zeros of a cubic function are —3, —1, and 1. The graph of the function passes 
through the point (0, —3). Write the function. 


Graphing Quadratic Functions 


e Exit Ticket: Use zeros to sketch the graphs of f(x) = —(x + 2)(x — 3) and g(x) = x? + 7x + 10. 
Check students’ work. The graph of f(x) passes through points (—2, 0), (0, 6), and (3, 0). The 
graph of g(x) passes through the points (—5, 0), (—2, 0), and (0, 10). 


8 a 5 Exe rcises Dynamic Solutions available at BigldeasMath.com 


Assignment Guide and 


Homework Check 


Vocabulary and Core Concept Check 


ae ASSIGNMENT 
1. COMPLETE THE SENTENCE The values p and g are of the graph of the function ee i 
Fete enc a nM 272) ocd es, 92,96, 
. WRITING Expiain how to find the maximum value or minimum value of a quadratic function 
when the function is given in intercept form. 2 Average: 1, 2-90 even, 92, 96, 
102-108 
Monitoring Progress and Modeling with Mathematics Advanced: 1, 2, 10-44 even, 
SSS eo 52-60 even, 66-90 even, 91-108 
In Exercises 3-6, find the x-intercepts and axis of 25. y= 3n-— ISx—42 26. eG) = —4x2— 8x — 4 
symmetry of the graph of the function. : HOMEWORK CHECK | 
SS Ree ve \ pls Bee ok xs — | 
3. [y= - THe a 3)) A. [y= 26 2 -5)} PT, jlCo) = Ge a= NGS = 4) A, lace) = (oe = stoler = 1D) Basic: 7 ah 45, Si, 61 
‘ Ay 4 AY \ 29. y= 8 — 49x dt, YS e =e = Oe © Average: 8, 24, 46, 58, 62 


In Exercises 31-36, match the function with its graph. ; Advanced: 10, 24, By, 58, 66 
Silay ket) cata) ay, §)s= (Ge ab SiGe = 3) 


seh =p = SiGe se 3) BY. = Ce = Sey — 3) ANSWERS 
35. y=@+5\x—-5) 36. y=(e + 3) —3) 1, x-intercepts 
5. fa) = —5Q + 7) — 5) 6g) = 5x 7) A i A 2. Sample answer: Find the 
. Ma a 
4 : : 
In Exercises 7-12, graph the quadratic function. Label : x-coordinate of the vertex using 
the vertex, axis of symmetry, and x-intercepts. Describe me \ 2) || meamfic. * gs Dx g han evalluane tne Rune 
the domain and range of the function. (See Example /.) “8 a : 
to determine the maximum value or 
2% fM=@r+rhat1) 8 y= @- 2) + 2) big 
minimum value. 
9. y=—-(x+6)@—4) 10. h@) = —4@—7)@— 3) aS Bes pS = 
41. 9(x) = 5+ DO +2) 12. y= -20r—- 3+ 4) BO Seen 8 
In Exercises 13—20, graph the quadratic function. Label 5. ~7,5;4= 1 
the vertex, axis of symmetry, and x-intercepts. Describe =, 07 = =a 
the domain and range of the function. (See Exaniple 2.) 7 
13. y=x?-9 14. f(x) = x? — 8x 
15. h(x) = —5x? + 5x 16. y = 3x2 — 48 = 
ie 
17. g(x)=x24+9x414 18. pix) = x2 + Ox —27 E. fe) = & + c+ 1)) 
19. y=42—36x +32 20. y= —2x2— 4x + 30 (—4, 0) Siw 
Tezex 
In Exercises 21-30, find the zero(s) of the function. : 
(See Examples 3 and 4.) 
21. y= —2Ax — 2) — 10) 22. fe) =F + 5)\@— 1) domain: all real numbers, range: 
3 , 
23. g(x) = x2 +5x-24 24. y= x2- 17x + 52 Vea 
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9, 10. ssf 6, is) ; 
—A(x aa 7)(x — 3) 
domain: all real numbers, range: 
ye =a 
domain: all real numbers, range: y < 25 domain: all real numbers, range: y < 16 


11-36. See Additional Answers. 
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In Exercises 37-42, use zeros to graph the function. 59. 
(See Example 5.) 


BY JCS (Garr lee — ©) Sh, O69) = — Gece Wiese 7) 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


: , = ie Soe 
Interactive Whiteboard Lesson Library ee Eo EE i oe 


Dynamic Classroom with Dynamic Investigations _ 41. y = —5x2 ~ 10x + 40 42. A(x) = 8x? -8 


ERROR ANALYSIS In Exercises 43 and 44, describe and 


correct the error in finding the zeros of the function. In Exercises 61-68, use zeros to graph the function. 
AN SWERS (See Example 8.) 
37. 43. 
x y= 5B(x+t 3)(x- 2) 61. y=S5x(x + 2)e- 6) 62. f(x) = —x(x + 9)(« + 3) 
: : The zeros of the function are 63. A(x) = & — 2) + 2) + 7) 
8 sa 3 and —2. 
64. y=(r+ 1x —5)x — 4) 
> NG 6s fay ee 66. y= —2x 0 eee 
=A ; a AES, x y= (x + 4)(x2 — 9) : Xx Xx b x 
=5 H f(x) = (x + 2)(x — 6 ‘ 
—i8|- ea Ne =) The zeros of the function are GH, pS se = Iie = Be 
—4 and 9. 
68. g(x) = 62° + 30x? — 36x 
38. ee a 
In Exercises 45-56, write a quadratic function In Exercises 69-72, write the cubic function represented 
in standard form whose graph satisfies the given by the graph. (See Example 9.) 
condition(s). (See Example 6.) £0 
45. vertex: (7, —3) 46. veriex: (4, 8) : 
47. x-intercepts: | and9 48. x-intercepts: —2 and —5 
49. passes through (—4, 0), (3, 0), and (2, —18) 
50. passes through (—S, 0), (—1, 0), and (—4, 3) 
39. 
51. passes through (7, 0) n { 
52. passes through (0, 0) and (6, 0) 
53. axis of symmetry: x = —5 
54. y increases as x increases when x < 4; y decreases as 
x increases when x > 4. 
55. range: y 2 —3 56. range: y < 10 
In Exercises 73-76, writ ic fi i h h 
40. In Exercises 57-60, write the quadratic function ee eee ce baat eT 
represented by the graph. (See Example 7.) : 
73. x-intercepts: —2, 3, and 8 
57. 
74, x-intercepts: —7, —5, and 0 
75. passes through (1, 0) and (7, 0) 
76. passes through (0, 6) 
41. , 5 : 
442 Chapter 8 Graphing Quadratic Functions 
43. The factors need to be set equal to 0 and 51. Sample answer: f(x) = x2 — 7x 
-xt+ = 
solved to find the zeros; x + 3 = 0 o1 52. Sample answer: fx) = 32 — 6x 
x —2=0;x = —3 orx = 2; The zeros =. 6 ; ee es 
of the function are —3 and 2. SRO GATES fC) 8 : 3 
42. 44. x? — 9 needs to be factored; Bde ample Oreie ing eS 
y = (x + 4) @& + 3) — 3); The zeros 55. Sample answer: f(x) = x* — 3 
of the function are —4, —3, and 3. 56. Sample answer: f(x) = —x* + 10 
45. Sample answer: f(x) = 2x7 — 14x + 46 Bil, jlGe) = Dae 4b De = 1D 
eee 46. Sample answer: f(x) = x* — 8x + 24 Bek, Ge) = =r =e Ge = 7 
h(x) = 8x2 - 8 47. Sample answer: f(x) = x2 — 10x + 9 EU, Go) = ale ab ke ab 3D 
cS Some 48. Sample answer: f(x) = x* + 7x + 10 60. f(x) = 5x = Sy 4b BO 
‘ = Ppt = ren 
: 49. f(x) = 3x° + 3x — 36 61-76. See Additional Answers. 


50. f(x) = —2 -— 6x —5 
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In Exercises 77-80, all the zeros of a function are given. 
Use the zeros and the other point given to write a 
quadratic or cubic function represented by the table. 


7. ee 73. . 
0 | 0 | -3 0 
2 30 1 -72 
7 0 4 0 
7°. Ty | 80. Zz. ii 
—4 0 = 0 
=3 0 -6 | +36 
0 | -180 -3 0 
3 o | 0 0 


In Exercises 81-84, sketch a parabola that satisfies the 
given conditions. 


81. x-intercepts: —4 and 2; range: y 2 —3 

82. axis of symmetry: x = 6; passes through (4, 15) 
83. range: y < 5; passes through (0, 2) 

84. x-intercept: 6; y-intercept: 1; range: y 2 —4 


85. MODELING WITH MATHEMATICS Satellite dishes are 
shaped like parabolas to optimally receive signals. 
The cross section of a satellite dish can be modeled 
by the function shown, where x and y are measured in 
feet. The x-axis represents the top of the opening of 
the dish. 


a. How wide is the 
satellite dish? 


b. How deep is the 
satellite dish? 


c. Write a quadratic 
function in standard 
form that models the 
cross section of a 
satellite dish that is 
6 feet wide and 
1.5 feet deep. 


91. not possible; Sample answer: Because 
—5 and | are the x-intercepts, the axis 
of symmetry is x = —2. The points 
(—3, 12) and (—1, 4) are the same 
horizontal distance from the axis of 
symmetry, so for both of them to lie on the 
parabola they would have to have the same 
y-coordinate. 


86. MODELING WITH MATHEMATICS A professional 
basketball player’s shot is modeled by the function 
shown, where x and y are measured in feet. 


ka ~ 1 (x2 — 19x + 48) 
y | ee — 


a. Does the player make the shot? Explain. 


b. The basketball! player releases another shot from 


the point (13, 0) and makes the shot. The shot 
also passes through the point (10, 1.4). Write a 


quadratic function in standard form that models 


the path of the shot. 


USING STRUCTURE In Exercises 87-90, match the 
function with its graph. 


87. y= —x? + 5x 

Be pa = je We 

EQ, wage = aye = iy 

0, re = Wee Siem si0) 


A. , B. y 


* 


os 


91. CRITICAL THINKING Write a quadratic function 
represented by the table, if possible. If not, 
explain why. 


[xe[ -s | -3 | -1 1 
Ly | 0 hie 4 


Oo 
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Using Intercept Form 443 


ANSWERS 

Wis FNS BRL sb Dllee 

78. f(x) = 62 — 6x — 72 

79. f(x) = 5x3 + 20x2 — 45x — 180 
Ml Ge) = =a = Wl? = Dabs 

Ni cee en Oe 


84. Sample answer: 


85. a. 4 ft 


86. a. yes; Sample answer: Using the 
function, when the horizontal 
distance of the ball is 3 feet, the 
vertical distance is 0, which is the 
location of the basket. 


87. D 
88. A 
bes ( 
90. B 
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ANSWERS 
92. a. Sample answer: p= 75, q = 425 


b. Sample answer: 350 feet wide, 
61 feet high; Use the height as 
the value of f(x) from part (a) 
along with the values of p and 
q estimated in part (a). Use the 
values of p and g to calculate the 
value of the x-coordinate of the 
vertex to substitute for x in the 
function in part (a), and solve the 
function for a. 


93. a. f(x) = —3@¢ + 4 — 2) 


f(x) = ai DP 4 27] 


T 


Sample answer: Plot the 

vertex (—1, 27), which can be 
determined from the vertex 
form. Then plot the x-intercepts 
(—4, 0) and (2, 0), which can be 
determined from the intercept 
form. Draw a smooth curve 
through these points. 


94-108. See Additional Answers. 


Mini-Assessment 


1. Graph f(x) = (x — 2)(x + 4). 
Describe the domain and range. 


ay 


domain: all real numbers; range: 
V2 =¢ 

. Find the zeros of the function. 
f(x) = 2x2 + 2x — 60 
—6and5 

. Write a quadratic function in 


standard form whose graph has 
x-intercepts —4 and —3. 


Sample answer: f(x) = x? + 7x + 12 
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Resources by Chapter 


92. HOW DO YOU SEE IT? The graph shows the 
parabolic arch that supports the roof of a convention 
center, where x and y are measured in feet. 


laa a wl 


50 


50 100 150 200 250 300 350 400 x 
-50 / 


a. The arch can be represented by a function of the 
form f(x) = a(x — p)(x — q). Estimate the values 
of p and q. 

b. Estimate the width and height of the arch. 


Explain how you can use your height estimate 
to calculate a. 


ANALYZING EQUATIONS In Exercises 93 and 94, 

(a) rewrite the quadratic function in intercept form and 
(b) graph the function using any method. Explain the 
method you used. 


93. f(x) = —3@ + 1)? + 27 
94. g(x) = 20-17 -2 


95. WRITING Can a quadratic function with exactly one 
real zero be written in intercept form? Explain. 


96. MAKING AN ARGUMENT Your friend claims that any 
quadratic function can be written in standard form and 
in vertex form. Is your friend correct? Explain. 


in 12 burgers at a fast-food restaurant. (Section 4.5) 


103. 


grams of fat increases? 


or neither. Explain your reasoning. (Section 6.5) 


O07 2651s 310525 —07 
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if students need help... 


e Practice A and Practice B 
e Puzzle Time 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


The scatter plot shows the amounts x (in grams) of fat and the numbers y of calories 


102. How many calories are in the burger that contains 12 grams of fat? 
How many grams of fat are in the burger that contains 600 calories? 


104. What tends to happen to the number of calories as the number of 


Determine whether the sequence is arithmetic, geometric, 


WO 3h, WL, Ble SEAN, os « 106. 
108. 4,5, 9, 14, 23,... 


f 97. PROBLEM SOLVING Write the function represented 
by the graph in intercept form. 


98. THOUGHT PROVOKING Sketch the graph of each 
function. Explain your procedure. 


a. f@) = G2 — 1)G? — 4) 
[I Bea = nee — lee — 2) 5 


99. REASONING Let k be a constant. Find the zeros of the 
function f(x) = kx? — k’x — 2k3 in terms of k. 


PROBLEM SOLVING In Exercises 100 and 101, write 
a system of two quadratic equations whose graphs 
intersect at the given points. Explain your reasoning. 


100. (—4, 0) and (2, 0) 


101. (3, 6) and (7, 6) 


Burgers 


Calories 


= 2) Otel Sao ae 


Graphing Quadratic Functions 


If students got it... 


Resources by Chapter 
e Enrichment and Extension 
¢ Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


8.6 


Comparing Linear, Exponential, 
and Quadratic Functions 


Essential Question How can you compare the growth rates of 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 


AIC 


linear, exponential, and quadratic functions? 


A2€ 
A6.C (80) 7-Vslel\mie Comparing Speeds 


Work with a partner. Three cars start trave¥ng at the same time. The distance 
traveled in ¢ minutes is y miles. Complete each table and sketch all three graphs in the 
same coordinate plane. Compare the speeds of the three cars. Which car has a constant 


speed? Which car is accelerating the most? Explain your reasoning. 


APPLYING | 0.4 | 0.4 0.4 
MATHEMATICS | ae ae 
anor { Saree i 2a [ 4 en 
To be proficient in math, 08 | 08 0.8 
you need to visualize = a 
the results of varying 1.0 | | Were 1.0 


assumptions, explore 
consequences, and 
compare predictions 
with data. 


SS) VNile ee Comparing Speeds 


Work witha partner. Analyze the speeds of the three cars over the given time 


periods. The distance traveled in f minutes is y miles. Which car eventually overtakes 


the others? 


T 
= — = f2 
‘ah Vaiss Lilien Spal i ae 
| 1 
2 2 2 
3 a4 a : 
i 4 4 
5 5 5 
6 6 oe 
— = ee 
2 
8 8 8 
sue | eo _ (et eee 
9 i on | 9 
== Sal 1 ail he 


Communicate Your Answer 


3. How can you compare the growth rates of linear, exponential, and quadratic 


functions? 


4. Which function has a growth rate that is eventually much greater than the growth 
rates of the other two functions? Explain your reasoning. 


Section 8.6 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


3. Sample answer: Graph functions of each 
type in the same coordinate plane and 
compare the shapes of the graphs. 


4. exponential; Sample answer: An 
exponential graph begins with a small 
change in each interval, but the change 
increases more rapidly as the value of the 
exponent increases. 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.2.C The student is expected to write 
linear equations in two variables given 


a table of values, a graph, and a verbal 
description. 


A.6.C The student is expected to write 
quadratic functions when given real 
solutions and graphs of their related 
equations. 


A.9.C The student is expected to write 
exponential functions in the form 

f(x) = ab* (where b is a rational number) 
to describe problems arising from 
mathematical and real-world situations, 
including growth and decay. 


ANSWERS 
1. 0, 0.2, 0.4, 0.6, 0.8, 1.0; 0, 0.15, 0.32, 
0.52, 0.74, 1.00; 0, 0.04, 0.16, 0.36, 
0.64, 1.00 


Motion of cars 


= 
fo) 


= 
fon) 


Distance (miles) 
f=) 
BS 


1.0 t 


04 06 O08 
Time (minutes) 


Sample answer: All three cars 

have the same average speed over 
the interval; first car; third car; The 
car modeled by a linear function is 
traveling at the same speed because it 
is traveling the same distance in each 
time interval. The car modeled by 
the quadratic function is accelerating 
the most because it has the greatest 
change in speed over each time 
interval. 

Pa. Mle #2, Bh GS, By, (0h, Ha ts, 98 I, 3, HE Jy, ail 
63, 127, 25S, Dilile i, 4, ©, ie, ZS, Fo, 
49, 64, 81; The first car has a constant 
speed. The second and third car are 
accelerating; The car modeled by 
the exponential function eventually 
overtakes the others. 
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Extra Example 1 

Plot the points. Tell whether the 
points appear to represent a /inear, an 
exponential, or a quadratic function. 


a. (8, 4), (4, 0), (0, —4), (-2, —6), 
(-4, -8) 


linear function 
Lah, (3), (2, 0, (GO, —3, (@, 0), G @) 


quadratic function 
Co 3) 25) aes eat (5) 


exponential function 


MONITORING PROGRESS 
ANSWERS 
ike 


quadratic 
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8.6 Lesson 


Core Vocabulary. 


average rate of change, p. 448 


Previous 
zero of a function 
slope 
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What You Will Learn 


Pm Choose functions to model data. 
Pb Write functions to model data. 
Compare functions using average rates of change. 
P Solve real-life problems involving different function types. 


Choosing Functions to Model Data 


So far, you have studied linear functions, exponential functions, and quadratic 
functions. You can use these functions to mode] data. 


G) Core Concept 


Linear, Exponential, and Quadratic Functions 


Linear Function Exponential Function Quadratic Function 


SS ab ah bye sb we 


y=met+b 


y=ab 


Vy yy, y 


“EXAMPLE 1 Using Graphs to Identify Functions 


Plot the points. Tell whether the points appear to represent a linear, an exponential, or 
a quadratic function. 


a. (4, 4), (2, 0), (0, 0), 
(1, 3), (-2.4) 


b. (0, 1), (2, 4), (4, 7), 
(22, 2) =) 


€. (0,2), (2, 8), (1,4), 
(-1,),(-2.3) 


SOLUTION 


2 


> quadratic > linear > exponential 
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Plot the points. Tell whether the points appear to represent a linear, 
an exponential, or a quadratic function. 


11), 5) (28 =e 1 (3s) 
2. (—1, 2), (—2, 8) (—3, 32), (0, +}, (1,4) 
Bb (=3, 5) (0, =i (G, =a (eb 7D) Uk, = 3) 


Graphing Quadratic Functions 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigldeasMath.com. 


exponential 


G Core Concept 


Differences and Ratios of Functions 


You can use patterns between consecutive data pairs to determine which type of 
function models the data. The differences of consecutive y-values are called first 
differences. The differences of consecutive first differences are called second 
differences. 


STUDY TIP 


The first differences for 
exponential and quadratic 
functions are not constant. 


¢ Linear Function The first differences are constant. 


« Exponential Function Consecutive y-values have a common ratio. 
2 


* Quadratic Function The second differences are constant. 


In all cases, the differences of consecutive x-values need to be constant. 


PONV inawae Using Differences or Ratios to Identify Functions 


STUDY TIP Tell whether each table of values represents a linear, an exponential, or a 
First determine that the quadratic function. 
differences of consecutive a. b. [a F ' eae 
x-values are constant. Sei | « (Ea 24 
Then check whether Vey il | 8 | 5 A) al | ve| | | a || a 8 | 16 | 
the first differences are : SS 
constant or consecutive c aor 
y-values have a common om 7; )|° Pe 
ratio. If neither of these ame le 2 2 q 
is true, check whether the al 
second differences are SOLUTION 
constant. 
a. le Sa b. eeil sei] 4eil aki 
: ENG a NY (Le NV NN 
x] -3/-2)-1]/ 0 | 1 mi -2|-1j 0/1 | 2 
: at [ eb 
Mein 8 | 5 | 2 | =1 meij2i4|s i. 
ee ee ee A a 
=3 =30 =e =2 Be Bee OR eR 
> The first differences are constant. > Consecutive y-values have a 
So, the table represents a linear common ratio. So, the table 
function. represents an exponential function. 
Se al eel ced 
(TN EE 
xk —2 | —!1 0 1 2 
me =i | 2 | -1 2 7 > The second differences are 


constant. So, the table represents 


QT eT i : : 
first differences —1 +1 #43 «243 a quadratic function. 
second differences age Ae 
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4. Tell whether the table of values represents a /inear, an exponential, or a 
a quadratic function. 
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Differentiated Instruction 


Inclusion 
Some students may not understand the concept of “second difference.” Give these students several 
tables of values with constant consecutive x-values. Have them find the y-value differences. Then 

have them find the differences of the y-value differences, or the “second differences.” 


Extra Example 2 

Tell whether each table of values 
represents a linear, an exponential, 
or a quadratic function. 


linear function 


cameo | 1 | 2 | 3 
y |os| 3 18 | 108 648 


exponential function 


MONITORING PROGRESS 
ANSWER 


4. exponential 
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Extra Example 3 Writing Functions to Model Data 


Tell whether the table of values represents SS ¢NViJ0e— Writing a Function to Model Data 
a linear, an exponential, or a quadratic Wee es 2. ee ; 
: : ‘ [x 2 4 | iG 8 | 10 Tell whether the table of values represents a linear, an exponential, or a quadratic 
function. Then write the function. + - function. Then write the function. 
m 2/0 |-4) 0 | 2 
4 z - ~ SOLUTION 
Step 1 Determine which type aes ee a 
of function the table of . i aa) 
: values represents. | x ee 4 [ 6 8 10 
inear function; y = 2x + 1 | | a 
The second differences | aa be ue E ss 
are constant. So, the (first differences }——> =2, 4) SSaeeap 
MONITORING PROGRESS table represents a : SE 
ANSWER quadratic function. 8) Seo 
5. exponential; y= a(3}' Step 2 Write an equation of the quadratic function. Using the table, notice that the 


x-intercepts are 4 and 8. So, use intercept form to write a function. 
y = a(x — 4)(x — 8) Substitute for p and g in intercept form. 


Use another point from the table, such as (2, 12), to find a. 


12 = a2 — 4\2 — 8) Substitute 2 for x and 12 for y. 
STUDY TIP l=@ Solve for a. 
To check your function Use the value of a to write the function. 
in Example 3, substitute ; 
= (x — 4)(x — 8) Substitute 1 for a. 


the other points from the 
table to verify that they = 52 = Dy sb 32 Use the FOIL Method and combine like terms. 
satisfy the function. 


P So, the quadratic function is y = x* — 12x + 32. 
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\ 


j 1 _ 3 5. Tell whether the table of values represents a /inear, an exponential, or a quadratic 
function. Then write the function. 


aes 
i ae - 
Comparing Functions Using Average Rates of Change 


For nonlinear functions, the rate of change is not constant. You can compare two 
nonlinear functions over the same interval using their average rates of change. The 

ge ra ange of a function y = f(x) between x = a@ and x = bis the slope of 
te i ieee in F(a)) and (b, f(b)). 


change iny _ f(b) — fla) 
change in x p= a 


average rate of change = 


Exponential Function Quadratic Function 


f(b) ~ f(a) pales earaees eee 
! =e 
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65] Core Concept Extra Example 4 


Comparing Functions Using Average Rates of Change Two news websites open their 
* Over the sane interval, the average rate of change of a function increasing memberships to the public. 


quadratically eventually exceeds the average rate of change of a function 
Website A 


STUDY TIP 


You can explore these 
concepts using a 
graphing calculator. 


increasing linearly. So, the value of the quadratic function eventually exceeds 
the value of the linear function. 


* Over the same interval, the average rate of change of a function increasing 
exponentially eventually exceeds the average rate of change of a function 
increasing linearly or quadratically. So, the value of the exponential function 
eventually exceeds the value of the linear or quadratic function. 


Members 
a 
= 
Oo 


EXAMPLE 4 Using and Interpreting Average Rates of Change 


Two social media websites open their memberships to the public. (a) Compare the 
websites by calculating and interpreting the average rates of change from Day 10 to 
Day 20. (b) Predict which website will have more members after 50 days. Explain. 


Website A | [ _ Website B 
Day, x Members, y y i Website B 
ao 7 650 . = w 1800) 
5 1025 2 1200 
10 1400 | Saal 
es 1775 
20 2150 | : 
| 25 2525 
SOLUTION 20 1900 
a. Calculate the average rates of change by using the points whose x-coordinates are 55 2250 
10 and 20. 


Website A: Use (10, 1400) and (20, 2150). 


a. Compare the websites by calculating 
b) ~ fla) _ 2150 ~ 1400 _ 750 _ 


average rate of change af a 30-10 10 i) and interpreting the average rates of 
Website B: Use the graph to estimate the points when x = 10 and x = 20. Use change from Day 10 to Day 20. 
(MOSER ENS 2O, USL From Day 10 to Day 20, Website A 
sume meen dnnwe aL oO = ne a 0 = = =95 membership increases at an average 
> From Day 10 to Day 20, Website A membership increases at an average rate rate of about 90 people per day, and 
of 75 people per day, and Website B membership increases at an average rate Website B membership Increases at 


of about 95 people per day. So, Website B membership is growing faster. 
reek e nae aie an average rate of 70 people per day. 


b. After 25 days, the memberships of both websites are about equal. Using the table, dla A 
y a : So, Website A membership is growing 


the average rates of change ef Website A are constant, so membership will increase 


linearly. Using the graph, the average rates of change of Website B are increasing, faster. 
so membership appears to increase quadratically or exponentially. So, Website B : ‘ : : 
will have more members after 50 days. b. Predict which website will have more 
members after 50 days. Explain. After 
Monitoring Progress @) Help in English and Spanish at BigideasMath.com 25 days, the memberships of both 
6. Compare the websites in Example 4 by calculating and interpreting the average websites are about equal. Using the 
Rae a emcnenee rere Oe eee table, the average rates of change of 


Website B are constant, so membership 
will increase linearly. Using the graph, 
the average rates of change of Website 
A are increasing, so membership 
appears to increase quadratically or 
exponentially. So, Website A will have 
more members after 50 days. 
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MONITORING PROGRESS 


ANSWER 

6. From Day 0 to Day 10, Website A 
membership increases at an average 
rate of 75 people per day and 
Website B membership increases at 
an average rate of about 30 people 
per day. So, Website A membership 
is growing faster. 
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Extra Example 5 

A mathematics teacher is considering 
two different websites that provide 
online practice for students. Website A 


charges $10 to join, plus $2 for each user. 


Website B has no fee to join. Website B 
charges $2 for the first user, plus 
10% more for each additional user. 


a. For how many users is the cost for 
Website A greater than the cost for 
Website B? 

The cost for Website A is greater than 
the cost for Website B when there are 
fewer than 40 users. 


b. Suppose Website A has no fee to join. 
For how many users are the website 
costs about equal? 

The costs for the websites are about 
the same for 38 users. 


c. Suppose Website A has no fee to join 
and lowers the charge per user to 
$1.50. For how many users is the cost 
for Website A less than the cost for 
Website B? Explain. 

The cost for Website A is less than 
the cost for Website B when there 
are more than 34 users. Because 
Website A’s cost increases linearly 
and Website B’s cost increases 
exponentially, Website A’s cost will 
eventually be less than Website B's 
cost. 


MONITORING PROGRESS 


ANSWER 
7. 1917 


10,000 


I 


Intersection 
0 (X=34.904956_.Y=2745, 2478_. 


100 


Solving Real-Life Problems 


Mm EXAMPLE 5 Comparing Different Function Types 


In 1900, Littleton had a population of 1000 people. Littleton’s population increased 
by 50 people each year. In 1900, Tinyville had a population of 500 people. Tinyville’s 
population increased by 5% each year. 


a. In what year were the populations about equal? 


b. Suppose Littleton’s initial population doubled to 2000 and maintained a constant 
rate of increase of 50 people each year. Did Tinyville’s population still catch up to 
Littleton’s population? If so, in which year? 


c. Suppose Littleton’s rate of increase doubled to 100 people each year, in addition 
to doubling the initial population. Did Tinyville’s population still catch up to 
Littleton’s population? Explain. 


SOLUTION 


a. Let x represent the number of years since 1900. Write a function to model the 
population of each town. 


Littleton: L(x) = 50x + 1000 
Tinyville: 7(x) = 500(1.05)* 


Linear function 
Exponential function 


Use a graphing calculator to graph each function in the same viewing window. 
Use the intersect feature to find the value of x for which L(x) ~ T(x). The graphs 
intersect when x ~ 34.9. 


> So, the populations were about equal in 1934. 


b. Littleton’s new population function is 10,000 
f(x) = 50x + 2000. Use a graphing calculator 
to graph f and T in the same viewing window. 
Use the intersect feature to find the value of 
x for which f(x) ~ T(x). The graphs intersect 
when x ~ 43.5. 


Intersection 


P So, Tinyville’s population caught 0 (XE43 496996. ¥=4174 84984) 19 


Littleton’s population in 1943. 


c. Littleton’s new population function is 10,000 
a(x) = 100x + 2000. Use a graphing 
calculator to graph g and 7 in the same 
viewing window. Use the intersect feature 
to find the value of x for which g(x) = T(x). 


The graphs intersect when x * 55.7. 


Intersection 
0 [X=55.692358_.Y=7569.2358__, 


0 


P So. Tinyville’s population caught 100 
Littleton’s population in 1955. Because 

Littleton’s population increased linearly and Tinyville’s population increased 
exponentially, Tinyville’s population eventually exceeded Littleton’s regardless 


of Littleton’s constant rate or initial value. 
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7. WHAT IF? Tinyville’s population increased by 8% each year. In what year were 
the populations about equal? 
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| Closure 


e Write a linear, an exponential, and a quadratic function that each has a y-intercept of 2. 
Sample answer: y = x 2, = 23) pane ax 2 


450 Chapter 8 


8.6 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigldeasMath.com 


- WRITING Name three types of functions that you can use to model data. Describe the equation and 


graph of each function. 


WRITING How can you decide whether to use a linear, an exponential, or a quadratic function 


to model a data set? 


= 


VOCABULARY Describe how to find the average rate of change of a function y = f(x) between 


x=aandx = b. 


. WHICH ONE DOESN'T BELONG? Which graph does not belong with the other three? Explain 


your reasoning. 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-8, tell whether the points appear to 


represent a linear, an exponential, or a quadratic function. 


In Exercises 9-14, plot the points. Tell whether the 
points appear to represent a linear, an exponential, 
or a quadratic function. (See Example 1.) 


Det ey 0) 0) (1,2), (2, 3), 0,1) 
10. (0,4), c, 1), (2,4), G, 16).(-1, 4) 


Section 8.6 


quadratic 


Comparing Linear, Exponential, and Quadratic Functions 


i @,=3), CO), She hE 1) 


es (tl, Sp (SS UG, =) LS (MS) 


ek th 2 = LG Se — oh (GE =) 
14 (ONS Eta) a( Sn 0 Ay 2, (hs) 
In Exercises 15-18, tell whether the table of values 


represents a linear, an exponential, or a quadratic 
function. (See Example 2.) 


=2 = 0 1 in 


f 
5. i 
i. == = 
| 


No 


16. me -1' 0 | 1 2 13 


Le. Para ee 6 
yl 2 | 6 | 13 | 54 | 162 | 
18. me 3 7 2] -1 lo f 1 
L eee 
mm 2 (45) 8 | 125 | 18 | 


quadratic 


13-18. See Additional Answers. 


451 


Assignment Guide and 
Homework Check 


ASSIGNMENT 


Basic: 1-4, 5-27 odd, 32-36 even, 
41, 43-50 


Average: 1-3, 4-36 even, 41, 43-50 
Advanced: 1-4, 12-36 even, 37-50 


HOMEWORK CHECK 

Basic: 9, 15, 21, 32, 34 
Average: 12, 16, 22, 32, 34 
Advanced: 14, 18, 24, 32, 38 


ANSWERS 

1. linear, exponential, quadratic; 
y=mxt+b,y=ab’, 
y = ax* + bx + c; a straight line, a 
continuously increasing or decreasing 
curve, a parabola 

2. Sample answer: Plot the points from 
the data set and determine what shape 
they appear to take. 


3. Find the slope of the line through 
(a, f(a)) and (b, f(b). 


4. n;nis an exponential function, but 
the rest are quadratic functions. 


. quadratic 
exponential 
exponential 


linear 


YPN an 


{-4=3=2-4 


exponential 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


19. linear; The first differences are 
constant. 


20. quadratic; The second differences are 
constant. 

21. quadratic; y = 2x? — 2x — 4 

22. exponential; y = (ar 

Mes, MERI Vv = —sor = 2 

24, exponential; y = 5(2)* 

25, GumtEie y= —ae 

26. linear; y = —2x — 2 

27. Consecutive y-values have a 
constant ratio. They do not change 
by a constant amount; Consecutive 
y-values change by a constant 
ratio. So, the table represents an 
exponential function. 

28. The factor for the first x-intercept 
should be (x + 2), not @ — 2); 
f(x) = a@ + 2)x — D); 
4 ao Des = Isl — a: 
$0) = Toe 2) 1), 
=2?+ 7-2, 
Sombenumetonyicni(coi—ec- nea a2. 

20 ea 


Football Game Attendance 


SS ee ee oy 
©@ie29 85 6 7 BG 
Game 


b. no; The points do not appear to 
follow the shape of any of these 
types of functions. 
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19. MODELING WITH MATHEMATICS A student takes 
a subway to a public library. The table shows the 
distances d (in miles) the student travels in ¢ minutes. 
Let the time f represent the independent variable. 
Tell whether the data can be modeled by a linear, 
an exponential, or a quadratic function. Explain. 


To a 3 5 
mules 


Distance, d_ 0.335 | 0.67 2.01 235 | 


20. MODELING WITH MATHEMATICS A store sells 
custom circular rugs. The table 
shows the costs ¢ (in dollars) 
of rugs that have diameters 
of d feet. Let the diameter d 
represent the independent 
variable. Tell whether the 
data can be modeled by a 
linear, an exponential, or 
a quadratic function. Explain. 


Bet 
ORAS 


Diameter, d 3 4 5 6 | 


————— — = —-f-— 
Cost, c 63.90 } 113.60 | 177.50 | 255.60 | 
L am Oe 


In Exercises 21-26, tell whether the data represent a 
linear, an exponential, or a quadratic function. Then 
write the function. (See Example 3.) 


Zils (= 2.03), (=O), (O, 2M, (UL, =2), C2 (Gh, 8) 


PHS (shy (29) (|, 2 Os IW, , WS) 


235 


24. 


25. 


Chapter 8 


Graphing Quadratic Functions 


27, ERROR ANALYSIS Describe and correct the error in 
determining whether the table represents a linear, an 
exponential, or a quadratic function. 


sell sei 
x COCA 
5 


E gage icone | 
| 3 | o | 27 |e | oe 


es 


( 
( 
( 
q 


x3 422 


Consecutive y-values change by a 
constant amount. So, the table 
represents a linear function. 


28. ERROR ANALYSIS Describe and correct the error in 
writing the function represented by the table. 


x +1 +1 41 41 
ff N/a 
me 3) 3 oli 
‘ ia |} 

-2 | -2 0 


y 4 | 0 
ne er EE Or 
first differences }-——» -4 -2 +0 +2 | 

- pO AN! 4 
second differences }——» +2 +2 +2 } 


The table represents a quadratic function. ; 
F(x) = a(x — 2)(x— 1) 
4=a(-3 — 2)(-3 —1) 


i 
a i 
5) 
f(x) = Je — 2)(x- 1) 
tie 2) 2 i 
Saye = Eye 
5 50s 
reer 1 3 2 : 
So, the function is f(x) = ae Bete 


29. REASONING The table shows the numbers of people 
attending the first five football games at a high school. 


Game,g | 1 2 | 3 [4 5 
"People, p 252 | 325 | 270 | 249 | 310 


a. Plot the points. Let the game g represent the 
independent variable. 


b. Cana linear, an exponential, or a quadratic 
function represent this situation? Explain. 


30. MODELING WITH MATHEMATICS The table shows 
the breathing rates y (in liters of air per minute) of 
a cyclist traveling at different speeds x (in miles 


per hour). 

[Speed,x | 20 | 21 | 22 | 23 | 24 | 
Be si | 571 | 633 | 703 | 780 
rate, y i | 


a. Plot the points. Let the speed 
x represent the independent 
variable. Then determine the 
type of function that best 
represents this situation. 


b. Write a function that 
models the data. 


c. Find the breathing rate of a 
cyclist traveling 18 miles per hour. Round your 
answer to the nearest tenth. 


31. ANALYZING RATES OF CHANGE The function 
f(t) = —167 + 48r + 3 represents the height (in feet) 
of a volleyball ¢ seconds after it is hit into the air. 


a. Copy and complete the table. 


Wo fost i fis[ 2 fas] 3 
Cm |_ 


b. Plot the ordered pairs and draw a smooth curve 
through the points. 


¢. Describe where the function is increasing 
and decreasing. 


d. Find the average rate of change for each 
0.5-second interval in the table. What do you 
notice about the average rates of change when 
the function is increasing? decreasing? 


32. ANALYZING RELATIONSHIPS The population of 
Town A in 1970 was 3000. The population of Town A 
increased by 20% every decade. Let x represent the 
number of decades since 1970. The graph shows the 
population of Town B. (See Example 4.) 


a. Compare the f Town B 
populations of the y 
towns by calculating 8000 


and interpreting the 
average rates of change 
from 1990 to 2010. 


7000 


Population 
ion) 
i=) 
i=) 
i=) 


b. Predict which town 
will have a greater 
population after 2020. 0 


Explain. ‘ ' 
Decades since ; 
1970 | 


Section 8.6 


33. ANALYZING RELATIONSHIPS Three organizations 
are collecting donations for a cause. Organization 
A begins with one donation, and the number of 
donations quadruples each hour. The table shows the 
numbers of donations collected by Organization B. 
The graph shows the numbers of donations collected 
by Organization C. 


Time |} Number of Organization C 
(hours), donations, Pe YA ard 
\ 160 
dE 
0 8 120 
Cc 
1 S 
380 
a 3 
3 i E 40 
4 16 2 
5 20 : 
6 24 Time (hours) 
sat { ~ 


a. What type of function represents the numbers of 
donations collected by Organization A? B? C? 


b. Find the average rates of change of each function 
for each |-hour interval from ¢ = 0 tor = 6. 


e. For which function does the average rate of 
change increase most quickly? What does this tell 
you about the numbers of donations collected by 
the three organizations? 


34. COMPARING FUNCTIONS The room expenses for two 


different resorts are shown. (See Example 5.) 


aValladle up 
4 nights. Each additional 
night is a 10% increase in 
price from the previous 
» package, 


a. For what length of vacation does each resort cost 
about the same? 


b. Suppose Blue Water Resort charges $1450 for 
the first three nights and $105 for each additional 
night. Would Sea Breeze Resort ever be more 
expensive than Blue Water Resort? Explain. 


c. Suppose Sea Breeze Resort charges $1200 for the 
first three nights. The charge increases 10% for 
each additional night. Would Blue Water Resort 
ever be more expensive than Sea Breeze Resort? 
Explain. 
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ANSWERS 
30. a. 


= 
y 2 
ee 3 
gf 
DE 
oc. 
28 
(8) 3S 

= 


0 19 20 21 22 23 24 25 26 x 
Speed (miles per hour) 


exponential function 
b. y= 51.40.1177 2 
ce. about 41.7 L/min 
Sil, Bh 3,23), So, 39), Ss), 28), 3 
b. See Additional Answers. 


c. The function is increasing 
between 0 and |.5 seconds, 
and the function is decreasing 
between 1.5 seconds and about 
3 seconds. 

d. 40, 24, 8, —8, —24, —40; The 
average rate of change decreases 
when the function is increasing, 
and the average rate of change 
increases in the negative direction 
when the function is decreasing. 


32. a. From 1990 to 2010, the 
population of Town A increased 
at an average rate of about 
950 people per decade and the 
population of Town B increased 
at an average rate of 660 people 
per decade. So, the population of 
Town A is growing faster. 

b. Town A; The exponential growth 
of Town A will eventually cause 
it to be greater than the quadratic 
growth of Town B. 


33-34. See Additional Answers. 


SUPPORTING English Language Learners 


Point out the photo in Exercise 30. Ask students if they have ever ridden a bicycle. Ask them what 
happens to their breathing when they do something that requires physical effort. Explain that the 


table represents the cyclist’s speed and breathing rate. Have students read Exercise 30. 


Beginning Read the headings and table. 
Intermediate Read the problem setup. 

| Advanced Read part (a). 
Advanced High Read parts (b) and (c). 


ELPS 4.F.5 Use visual and contextual support to develop background knowledge needed to 
comprehend increasingly challenging language. 
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35. REASONING Explain why the average rate of change 39. CRITICAL THINKING Is the graph of a set of points 


ANSWE RS of a linear function is constant and the average rate enough to determine whether the points represent a 
ee of change of a quadratic or exponential function is linear, an exponential, or a quadratic function? Justify 
35-50. See Additional Answers. noeenGane SOME SNE 
36. HOW DO YOU SEE IT? Match each graph with its | 40. THOUGHT PROVOKING Find four different patterns in | 
function. Explain your reasoning. ; the figure. Determine whether each pattern represents 
a. y b. y a linear, an exponential, or a quadratic function. 


Write a model for each pattern. 


Mini-Assessment 


1. Tell whether the table of values 
represents a /inear, an exponential, 
or a quadratic function. Then write . m= n=2 n=3 n=4 t 
the function. y y a ’ EE ———— 


—< 
aad 
= 


| 41. MAKING AN ARGUMENT 
\ Function p is an 

j exponential function and 
function g is a quadratic 


: : x : 2 ; 
quadratic function; y = x2 = 6x + 8 { function. Your friend says 
that after about x = 3, 
2. Use the table and graph in function g will always 
A. y=2x?—-4 B. y= 2(4y 4+ 1 { have a greater y-value than 


Example 4. Compare the social fincnoupler me en 
media websites by calculating and & p= (3) 4] e, pSae—4 correct? Explain. 
interpreting the average rates of 
change from Day 0 to Day 20. 


42. USING TOOLS The table shows the amount a 


in billi f doll United Stat ident: t 
37. CRITICAL THINKING In the ordered pairs below, the Gn'billions oftdollats) United States ae 


From Day 0 to Day 20, Website A y-values are given in terms of n. Tell whether the Cee per rcaed products and sen aaa 

ee ee Ii ‘al year for a 5-year period. Let the year x represent 
membership increases at an average CE os aon hee ji ICAI SAD ENP ON en AGE Ore2 the independent variable. Using technology, find a 
rate of 75 people per day, and Ce RAIL Ea TP aN function that models the data. How did you choose 

p ee ‘ (Clie — 1 ee le ae 2A, Xo), the model? Predict how much residents will spend on 
Website B membership Increases at (4, Sln — 7), (S, 85n — 19) pets or pet-related products and services in Year 7. 
an average rate of about 60 people 
d A Website a ae 38. USING STRUCTURE Write a function that has constant | Year, x | | 2 3 | a | 5 

ae eee P second differences of 3. Amount, a | 53.1 | 56.9 61.8 | 65.7 | 67.1 


is growing faster. 


3. In 1900, Smalltown had a 
population of 2000 people. 
Smalltown’s population increased 
by 100 people each year. In 1900, 
Growton had a population of 1000 
people. Growton’s population 
increased by 6% each year. 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and tessons 


Evaluate the expression. (Section 6,2) 


43. V121 44. V125 
45, W512 . V¥243 
Find the product. 
47. (x + 8) — 8) 
49. (3a — 5b)(3a + Sb) 


(Section 7.3) 
a. In what year were the 
populations about equal? 1926 


Gyre 2)4y = 2) 
(ap te es) — Br = HH) 


b. Suppose Smalltown’s initial 
population doubled to 4000 
and maintained a constant rate 
of increase of 100 people each 
year. Did Growton’s population 
still catch up to Smalltown’s 
population? If so, in which 
year? Yes; 1934 tf students need help... If students got it... 


c. Suppose Smalltown’s rate 
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Of inceece dounidinacod Resources by Chapter Resources by Chapter 
people each year, in addition to e Practice A and Practice B ° Enrichment and Extension 
doubling the initial population. % Pie 2 Wi Pesk uae SM aTBe ie GIST 

Did Growton’s population Student Journal ' 

still catch up to Smalltown’s practice __ Start the next Section 


population? Explain. Yes, in 
1943; Smalltown’s population 
increased linearly and 
Growton’s population increased 
exponentially. 


Differentiating the Lesson 
Skills Review Handbook 
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8.4-8.6 What Did You Learn? 


Core Vocabulary 


even function, p. 428 vertex form (of a quadratic 
odd function, p. 428 function), p. 430 


intercept form, p. 436 
average rate of change, p. 448 


Core Concepts 


Section 8.4 

Even and Odd Functions, p. 428 
Graphing f(x) = a(x — h)?, p. 429 
Graphing f(x) = a(x — hy? + k, p. 430 


Writing Quadratic Functions of the Form 
f(x) = atx — hy? + kp. 431 


Section 8.5 


Graphing f(x) = a(x — p)(x — q), p. 436 
Factors and Zeros, p. 438 


Graphing and Writing Quadratic Functions, p. 438 
Graphing and Writing Cubic Functions, p. 440 
Section 8.6 


Linear, Exponential, and Quadratic Functions, p. 446 Writing Functions to Mode! Data, p. 448 
Differences and Ratios of Functions, p. 447 Comparing Functions Using Average Rates of Change, 
p. 449 


Mathematical Thinking 


1. How can you use technology to confirm your answer in Exercise 64 on page 434? 


2. How did you use the structure of the equation in Exercise 85 on page 443 to solve 
the problem? 


3. Describe why your answer makes sense considering the context of the data in Exercise 20 
on page 452. 


pocrcrc ccc crt Performance Task - - - - | 


Asteroid Aim 


Apps take a long time to design and program. One app in development 
is a game in which players shoot lasers at asteroids. They score points 
based on the number of hits per shot. The designer wants your feedback. 
Do you think students will like the game and want to play it? What 
changes would improve it? 


To explore the answers to these questions and more, go to 4s : 
BigideasMath.com. : 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 


1. Sample answer: Graph the function 
on a graphing calculator and compare 
it to your graph. 

2. Sample answer: The equation can 
be factored into intercept form, and 
the width can be determined from the 
intercepts. 


3. Sample answer. The area of a 
circular rug, wr”, is a quadratic 
function, so it makes sense that the 
cost, based on the amount of material 
needed to make the rug, would also 
be a quadratic function. 
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ANSWERS @ Ch rs | pte r Revi eCWw Dynamic Solutions available at BigideasMath.com 


1 


| 8.1 | Graphing f(x) = ax? (pp. 405-470) 
Graph g(x) = —4x?. Compare the graph to the graph of f(x) = x?. 
Step 1 Make a table of values. 


-4 | -16 


The graph of p is a vertical stretch by 
a factor of 7 of the graph of f, 


Step 2 Plot the ordered pairs, 
Step 3. Draw a smooth curve through the points. 
p> The graphs have the same vertex, (0, 0), and the same axis 


| of symmetry, x = 0, but the graph of g opens down and is 
narrower than the graph of f. So, the graph of g is a vertical 


stretch by a factor of 4 and a reflection in the x-axis of the graph of f. 


Graph the function. Compare the graph to the graph of f(x) = x?. 
1. p(x) = 7x? 2. ga= -iY 3. A(x) = —6x2 4. (n= (Sx) 


5. Identify characteristics of the 
quadratic function and its graph. 


The graph of g is a vertical shrink by 
a factor of ; and a reflection in the 
x-axis of the graph of f- 


8.2 Graphing f(x) = ax2 +c (pp. 417-416) 


Graph g(x) = 2x? + 3. Compare the graph to the graph of f(x) = x?. [ot 9) = =o +3) 


ls 7 


Step 1 Make a table of values. 


2 
11 


The graph of his a vertical stretch by | af Al ae 5 Hi 5 
a factor of 6 and a reflection in the ; iz sci 
x-axis of the graph of f- 


Step 2 Plot the ordered pairs 


Step 3 Draw asmooth curve through the points. (a) 


> Both graphs open up and have the same axis of symmetry, x = 0. 
The graph of g is narrower, and its vertex, (0, 3), is above the vertex of the graph of f, (0, 0). So, the 
graph of g is a vertical stretch by a factor of 2 and a vertical translation 3 units up of the graph of f. 


Graph the function. Compare the graph to the graph of f(x) = x?. 
6. g(x=x245 7. A(x) = —x2 — 4 8. ma) = —2x2 + 6 9. n=4Fx2-5 


ane oot ae 4 isa cane shrink 456 Chapter8 Graphing Quadratic Functions 
by a factor of 2 3 of the graph of f- 


5. The vertex is (1, —3). The axis of 
symmetry is x = |. The domain 
is all real numbers. The range is 
y 2 —3. When x < 1, y increases as x 
decreases. When x > 1, y increases as 
x increases, 


The graph of g is a vertical translation The graph of h is a reflection in the x-axis, 
5 units up of the graph of f. and a vertical translation 4 units down of 
the graph of f. 


8-9. See Additional Answers. 
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10. | 


ANSWERS ~ 


8.3. Graphing f(x) = ax2 + bx +c (pp. 417-424) 


Graph f(x) = 4x? + 8x — 1. Describe the domain and range. 


Step 1 Find and graph the axis of symmetry: x = -2 = =a, =-l. 
* 
Step 2 Find and plot the vertex. The axis of symmetry is x = —1. So, the x-coordinate of the vertex : a ete 
is —]. The y-coordinate of the vertex is f(—1) = 4(—1)? + 8(—1) — 1 = —5. So, the vertex | Alo 1 2 Bes 


8 (=i, =O ; er a 
domain: all real numbers, range: 


y 2 © 


Step 3 Use the y-intercept to find two more points on the graph. 
Because c = —], the y-intercept is —1. So, (0, —1) lies on 
the graph. Because the axis of symmetry is x = ~ 1, the 
point (—2, —1) also lies on the graph. 


11. 


ss 3x — 4] 


Step 4 Draw a smooth curve through the points. 


> The domain is all real numbers. The range is y 2 —5. — 


[#0 = 44? + 8x — 1) 


Graph the function. Describe the domain and range. 
10. y=x2-2x47 1. fQ) = -32+3x-4 12. y=32? — 6x + 10 
13. The function f() = —16/ + 88f + 12 represents the height (in feet) of a pumpkin ¢ seconds 


after it is launched from a catapult. When does the pumpkin reach its maximum height? What 
| is the maximum height of the pumpkin? 


8.4 | Graphing f(x) = a(x — h)2 +k (pp. 427-434) 


Determine whether f(x) = 2x? + 4 is even, odd, or neither. 


f@) = 2 + 4 Write the original function. 
f(—9) = 2(—x)? +4 Substitute —x for x. 
=2°4+4 Simplify. 
= f(x) Substitute f(x) for 2x? + 4. 


domain: all real numbers, range: 
y 2 =o 

[See veisecalonit 

14. neither 


> Because f(—x) = f(x), the function is even. 


Determine whether the function is even, odd, or neither. 


14. w@) = 5* 18. r(x) = —8x 16. A(x) = 3x? — 2x 


15. odd 
Graph the function. Compare the graph to the graph of f(x) = x2. ; 

16. neither 
Wi, 6) = Ge = Oe 18. g(x)= $x —1?4+1 (Gh. ea) = =e te AY EY 17. 


20. Consider the function g(x) = —3(x + 2)? — 4. Graph h(x) = g(x — 1). 


21. Write a quadratic function whose graph has a vertex of (3, 2) and passes through the point (4, 7). 


Chapter 8 


Chapter Review 457 


The graph of / is a vertical stretch 
by a factor of 2 and a horizontal 


18. 

translation 4 units right of the graph 
i oe 

‘ Be 
rte 

an C 
| 96) =Jur= 4) Y 
246 8x 


The graph of g is a reflection in the x-axis, 
and a translation 4 units left and 7 units up 
of the graph of f- 


factor of 7 and a translation | unit right and 
1 unit up of the graph of f. 


20-21. See Additional Answers. 
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ANSWERS 


Der a | 
em 8.5 | Using Intercept Form (pp. 435-444) 
(—2, 0) 
13. Use zeros to graph h(x) = x? — 7x + 6. 
aa oe The function is in standard form. The parabola opens up (a > 0), 
ay a and the y-intercept is 6. So, plot (0, 6). 
y a The polynomial that defines the function is factorable, So, write the 
function in intercept form and identify the zeros. 
: =x— i i 
domain: all real numbers, range: Se ae Wie ie Tae 
y2-9 = (x — 6)(x — 1) Factor the trinomial. 
3 po cee The zeros of the function are | and 6. So, plot (1, 0) and 
‘ (6, 0). Draw a parabola through the points. 
i Graph the quadratic function. Label the vertex, axis of symmetry, and x-intercepts. 
eee ee Na Ma Describe the domain and range of the function. 
22. y=(@—-— 4+ 2) PE, FhOS) = BCE te Diese 1) pea = Eee se 15 
Use zeros to graph the function. 
25. y= —2x? + 6x + 8 PX}, fiCd) = 32 42 ae = D 27) Gi = 2 Salsa 
oN 28. Write a quadratic function in standard form whose graph passes through (4, 0) and (6, 0). 
[ Ax) = —3(x + 3)(x + 1) i d pee Ba 
domain: all real numbers, range: ; . : . : 
p Meee 8.6 | Comparing Linear, Exponential, and Quadratic Functions (pp. 445-454) 
24 Tell whether the data represent a /inear, an exponential, or a quadratic function. 
Bey 4) 22h) .: Rae 
(+1, —2), (0, 1) | 
Va 15 8 l =i | = 13 
|__| ee eee eee 
+1 +1 +1 41 
we o™é™ c™ 
mo|oli1|2ie 
Val 15 8 | 1) =) 5) 113} 
Se 
-7 -? -7 -7 
> The points appear to represent > The first differences are constant. So, 
25. a quadratic function. the table represents a linear function. 
; sp i 6x + 8 | 29. Tell whether the table of values represents a linear, y Ss 0 i af 2 2 
Sa an exponential, or a quadratic function. Then write 
the function. | (RIE 
30. The balance y (in dollars) of your savings account after f years 1s represented by y = 200(1.1)’. The 
beginning balance of your friend’s account is $250, and the balance increases by $20 each year. 
(a) Compare the account balances by calculating and interpreting the average rates of change 
from t = 2 tot = 7. (b) Predict which account will have a greater balance after 10 years. Explain. 
26. 458 Chapter 8 Graphing Quadratic Functions 


Be 


| fo) = 02 + x-2 
a, 28. Sample answer: x? — 10x + 24 

29. exponential; y = 128(3}" 

30. a. From year 2 to year 7, your account 
increased at an average rate of about 
$29.55 per year and your friend’s 
account increased at an average rate 
of $20 per year. So, your account is 
growing faster. 


b. your account; The exponential growth 
of your account will continue to have 
a higher balance than your friend’s 
account which has linear growth. 
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ANSWERS 


1. 
Graph the function. Compare the graph to the graph of f(x) = x2. 
1. kG) = 22-3 2. g(x) = 3x 3. po)=t@t 12-1 
4. Consider the graph of the function f. 
a. Find the domain, range, and zeros of the function. ae 
b. Write the function fin standard form. | A(x) = 2x2 — 3 
c. Compare the graph of f to the graph of g(x) = x2. The me Si in _ Seren stretch by 
A GEN VAC IC 9) a factor of 2 and a vertical translation 
3 units down of the graph of f 
Use zeros to graph the function. Describe the domain and range of the function. = 2s 
DRG) = Be = Shek & = Gr a Ce = 1) iis (HCD) = Mee = 4h 
Tell whether the table of values represents a linear, an exponential, or a quadratic 
function. Explain your reasoning. Then write the function. 
- REE % Me -2)-1fo]if2 
y | 4/8 | 16 | 32 | 64 y | -8 “ape pals 
The graph of g is a vertical shrink by 
Write a quadratic function in standard form whose graph satisfies the given conditions. a factor of i and a reflection in the 
Explain the process you used. 2 
10. passes through (—8, 0), (—2, 0), and (—6, 4) 
3: i 


11. passes through (0, 0), (10, 0), and (9, —27) 
12. is even and has a range of y > 3 13. passes through (4, 0) and (1, 9) 


14. The table shows the distances d (in miles) that Earth Pal 5 
moves in its orbit around the Sun after ¢ seconds. Let _ te us 
the time t be the independent variable. Tell whether the | Distance, d | I) 8 ey ie || OS | 
data can be modeled by a dinear, an exponential, or a 
quadratic function. Explain. Then write a function that models the data. 


: Ye aes 
| Time, t A ul a 8 


ee 


15. You are playing tennis with a friend. The path of the tennis ball after you return a serve se a MM = = 8 
can be modeled by the function y 0.005x? + 0.17x + 3, where x is the horizontal The graph of p is a vertical shrink by 
distance (in feet) from where you hit the ball and y is the height (in feet) of the ball. 


a factor of s, and a translation | unit 


a. What is the maximum height of the tennis ball? left and 1 unit down of the graph of f. 
b. You are standing 30 feet from the net, which is 3 feet high, Will the ball clear the net? 4. a. domain: all real numbers, 
Explain your reasoning. range: y < 8-37 
16. Find values of a, b, and c so that the function f(x) = ax? + bx + c is (a) even, (b) odd, and b. f= ~2x2 + 20x — 42 
Ro peiieveven ton oda. c. The graph of fis a vertical stretch 
17. Consider the function f(x) = x* + 4. Find the average rate of change from x = 0 to x = 1, t by a factor of 2, a reflection in the 
from x = | tox = 2, and from x = 2 to x = 3. What do you notice about the average rates x-axis, and a translation 5 units 
of change when the function is increasing? right and 8 units up of the graph 
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If students need help... If students got it... 


Lesson Tutorials Resources by Chapter 
¢ Enrichment and Extension 
e Cumulative Review 


. . 5-17. See Additional Answers. 
Skills Review Handbook Performance Task ieee ican Vic 


BigideasMath.com Start the next Section 
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ANSWERS 


eG 
24, dl 
& IC ae: ne 
A Which function is represented by the graph? (TEAS A.6.C) 
. —4 
=i 

cy, 1 @ y=3r 

y= 2x 

© y= 

@ y= -20 


Which of the following expressions are equivalent to (b>) 4? (TEKS A.i1.B) 


ih, 28 
po 
Il. po 
Ill. b!2p8 
IN, (rare 
> Iand1V only @)  Iland Ill only 
CH) Ill and IV only GQ) II, 11], and IV only 


. Which polynomial represents the area (in square feet) of the shaded region of the 
figure? (TEKS A.10.B) 


@ e-# == — | 
eae | 

© += 2ax+ a 

@M + 2ax+ a? | [a a 


a ft 


GRIDDED ANSWER A quadratic function whose graph has a vertex of (—2, 8) 
and passes through the point (—4, —4) van be written in the standard form 
f(x) = —3x? — 12x + c. What is the value of c? (TEKS A.6.B) 


. Which function could be represented y 
by the graph? (TEKS A.7.B) 


© y= Gaia => 
@ y=3@+VG-5) 
® y=xe- DE-5) x 
Oy = 20 Ga) 
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ANSWERS 


6. B 
Tig 38 
6. Which expression represents the sum of 3x? + 9x — 8 and —S(x2 + 8 — 3x)? (TEKS A.10.A) : 3 
B® ~20? + 6& 2x2 + 24x — 48 
© 2x? — 6x + 32 @) 8x? — 6x + 32 


7. The graph of f(x) = x? is shown. Which statement describes the graph of 
g(x) = —2f®)? (TEKS A.7.C) 


(©) The graph of g opens down and is narrower than the graph of f. 
G) The graph of g opens down and is wider than the graph of f, 
CH) The graph of g opens up and is narrower than the graph of f 


@®) The graph of g opens up and is wider than the graph of f, 


8. Which graph represents the solution of —3y — 9x < 12? (TEKS A.3.D) 


9. What is the domain and range of the quadratic function represented by the graph? 
(TERS A.6.A) 


CF) domain: all real numbers; range: y < 6 
@) _ domain: all real numbers; range: y < 6 


CH) domain: x > —2; range: all real numbers 


G) none of the above 
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: Chapter 8 461 


Chapter Opener/ 
Mathematical Thinking 


1 Day 


Section 1 3 Days 
Section 2 3 Days 
Section 3 2 Days 


Quiz 1 Day 


Section 4 3 Days 
Section 5 3 Days 


Chapter Review/ 


Chapter Tests 2 Days 


Total Chapter 9 18 Days 
Year-to-Date 157 Days 


Texas Essential 
Knowledge and Skills 


Summary 


Half-pipe (p. 501) 
Section 


91 
9.2 
9.3 
9.4 
9.5 


Kicker (p. 479) 


Parthenon (p. 469) 


ematical Thinking: Mathematically proficient students cau apply the mathematics eas know to solve arias 
ia Be is life; society, and the workplace. 


For an overview of this chapter, formative assessment tips, and teaching strategies, 
see Laurie’s Notes at BigideasMath.com. 
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Dynamic Teaching Tools 


Maintaining Mathematical Proficiency 


Dynamic Assessment & Progress Monitoring Tool 


Factoring Perfect Square Trinomials (a.10.£) Lesson Planning Too! 


Interactive Whiteboard Lesson Library 


Example 1 Factor x2 + 14x + 49. 


Dynamic Classroom with Dynamic Investigations _ 
Real-Life STEM Videos 


Texas Essential 
Knowledge and Skills 
A.10.E The student is expected to factor, 
if possible, trinomials with real factors in 


the form ax? + bx + c¢, including perfect 
square trinomials of degree two. 


x + 1dx + 49 = x? + 20)(7) + 7? Writegs a2 + 2ab + b2. 


= (a + 7)? Perfect square trinomial pattern 


Factor the trinomial. 


1. x2 + 10x + 25 2. x? — 20x + 100 3. x? + 12x + 36 


Al, 2 = iliske ae Sil 


5. x? + 16x + 64 6. x2 — 30x + 225 


Solving Systems of Linear Equations by Graphing (a.5.¢ 


A.5.C The student is expected to solve 
systems of two linear equations with two 
variables for mathematical and real-world 
problems. 


Example 2 Solve the system of linear equations by graphing. 


y= Bese il Equation 1 


y= ie +8 Equation 2 


ANSWERS 

o 

Step 1 Graph each equation, Wo )) 
= 2 

Step 2 Estimate the point of intersection. 2. (x — 10) 
The graphs appear to intersect at (3, 7). 3. (x + 6)? 

Step 3 Check your point from Step 2. a Ga 9)? 
Equation 1 Equation 2 5. +t 8) 
y=2x+1 ae 6. = 15)2 

; ; Ub =) 

P= eae = -30) +8 8. (4,4) 
7-70 ie 9. (—2, 3) 


> The solution is (3, 7). 10. 


= 
——, 
Nie 
Soe 
[<) 


Solve the system of linear equations by graphing. 


=Spy ae 3 


2x - 4 


8. ysox-2 


y=-irt5 


Dynamic Solutions available at BigideasMath.com 


For suggestions on Maintaining Mathematical Proficiency in your classroom, 
see Laurie’s Notes at BigideasMath.com. 


-Vocabulary..Review,, 


Have students make Four Squares for the following topics. 


* Factoring Perfect Square Trinomials 
* Solving Systems of Linear Equations by Graphing 
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MONITORING PROGRESS 


ANSWERS Mathematical Mathematically proficient students use a problem-solving model that 
° ° incorporates analyzing given information, formulating a plan or strategy, 
1. x= —-1.618 Th In kin g determining a solution, justifying the solution, and evaluating the 


= 1.303. c= 208 problem-solving process and the reasonableness of the solution. (A.1.B) 


464 


Problem-Solving Strategies 


G Core Concept 


Guess, Check, and Revise 


When solving a problem in mathematics, it is often helpful to estimate a solution 
and then observe how close that solution is to being correct. For instance, you can 
use the guess, check, and revise strategy to find a decimal approximation of the 
square root of 2. 


Guess Check How to revise 


1.4 1.42 = 1,96 Increase guess. 
1.41 1.41? = 1.9881 Increase guess. 
1.415 1.4152 = 2.002225 Decrease guess. 


By continuing this process, you can determine that the square root of 2 is 
approximately 1.4142. 


“EXAMPLE 1 Approximating a Solution of an Equation 


The graph of y = x? + x — 1 is shown. 
Approximate the positive solution of the equation 
x? + x — 1 = Oto the nearest thousandth. 


SOLUTION 


Using the graph, you can make an initial estimate of 
the positive solution to be x = 0.65. 


Guess Check How to revise 

0.65 0.65? + 0.65 — | = 0,0725 Decrease guess. 

0.62 0.62? + 0.62 — 1 = 0.0044 Decrease guess. 

0.618 0.6182 + 0.618 — | = —0.000076 Increase guess. 

0.6181 0.6181? + 0.6181 — 1 ~ 0.00015 The solution is between 0.618 and 0.6181. 


So, to the nearest thousandth, the positive solution of the equation is x = 0.618. 


Monitoring Progress 


1. Use the graph in Example | to approximate the negative solution 
of the equation x? + x — 1 = 0 to the nearest thousandth. 


2. The graph of y = x? + x — 3 is shown. Approximate both solutions 
of the equation x2 + x — 3 = 0 to the nearest thousandth. 
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For insights into Mathematical Thinking, see Laurie’s Notes at BigideasMath.com. 


if students need help... If students got it... 


Student Journal 


e Maintaining Mathematical Proficiency 
nee 2 Sar rr sn area sacs co seat eh Sens 


Game Closet at BigideasMath.com 


Lesson Tutorials Start the next Section 


Skills Review Handbook 


Chapter 9 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A.A 


REASONING 


To be proficient in math, 
you need to recognize and 
use counterexamples. 


Properties of Radicals 


Essential Question How can you multiply and divide square roots? 


EXPLORATION 1 Operations with Square Roots 


Work with a partner. For each operation with square roots, compare the results 
obtained using the two indicated orders of operations. What can you conclude? 
= 


a. Square Roots and Addition 


Is V36 + V64 equal to V36 + 64? 


In general, is Va + Vb equal to Va + b? Explain your reasoning. 


b. Square Roots and Multiplication 
Is V4 + V9 equal to 4-9? 
In general, is Va » Vb equal to Va « b? Explain your reasoning. 


c. Square Roots and Subtraction 


Is V64 — V36 equal to V64 — 36? 


In general, is Va — Vb equal to Va —b? Explain your reasoning. 


d. Square Roots and Division 


V 100 100 
equal to ,,——? 


Is zk 


In general, is a equal to \2? Explain your reasoning. 
Vb b 


RO) V-Vilel ia Writing Counterexamples 


Work with a partner. A counterexample is an example that proves that a general 
statement is not true. For each general statement in Exploration 1 that is not true, write 


a counterexample different from the example given. 


Communicate Your Answer 


3. How can you multiply and divide square roots? 


4. Give an example of multiplying square roots and an example of dividing square 


roots that are different from the examples in Exploration 1. 
5. Write an algebraic rule for each operation. 
a. the product of square roots 


b, the quotient of square roots 


Section 9.1 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Properties of Radicals 


465 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Too} 


Lesson Planning Too! 


Interactive Whiteboard Lesson. Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 
A.11.A The student is expected to 


simplify numerical radical expressions 
involving square roots. 


ANSWERS 


1. a. no; no; Because 


V36 + V64 + V36 + 64, the 
general statement cannot be true. 


b. yes; yes; By the Power of a 
Product Property, 
qi? . ple = (ae byl, 

c. no; no; Because 
Vo4 — V36 # V64 — 36, the 
general statement cannot be true. 


d. yes; yes; By the Power of a 
qi By 


Quotient Property, pa = b 


2. Sample answer: 
V9 + V16 # V25, V16 — V9 # V7 
3. Multiply or divide the numbers inside 
the square root symbols and take the 
square root of the product or quotient. 
4. Sample answer: Voy 16 = 
V9 +16 = V144 = 12, 


VIG w IG ip = 
vm a 

5. ava vo) — Va «) 
b. Va _ fa 
b b 
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Extra Example 1 
Simplify the expression. 


a. Vi47 -7V3 
b. V25x° 5x2Vx 


MONITORING PROGRESS 
ANSWERS 

1. 2V6 

5 

Wosved 

5n2V 3n 


Bey 
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What You Will Learn 


Use properties of radicals to simplify expressions. 


» Simplify expressions by rationalizing the denominator. 
Gore Vocabulary. > 


Perform operations with radicals. 


counterexample, p. 465 

radical expression, p. 466 

simplest form, p. 466 

rationalizing the denominator, 
p. 468 

conjugates, p. 468 * No radicands have perfect nth powers as factors other than 1. 

like radicals, p. 470 


Previous 
radicand 
perfect cube 


* No radicands contain fractions. 
* No radicals appear in the denominator of a fraction. 


You can use the property below to simplify radical expressions involving square roots. 


©) Core Concept 


Product Property of Square Roots 


Words The square root of a product equals the product of the square roots of 
the factors. 


Numbers V9-5 = V9 «V5 = 3V5 
Algebra Vab =Va+ Vb, where a, b > 0 


STUDY TIP 


There can be more than 
one way to factor a 
radicand. An efficient 
method is to find the 


greatest perfect EXAMPLE 1 Using the Product Property of Square Roots 
square factor. 


a. V108 = V36 +3 Factor using the greatest perfect square factor. 
= V36 + V3 Product Property of Square Roots 
= 6V3 Simplify. 
i) 
b. V9x3 = VOle x2 «x Factor using the greatest perfect square factor. 
STUDY TIP = V0 - Vx? vx Product Property of Square Roots 
In this course, whenever 
a variable appears in = 3xvx Simplify. 
the radicand, assume 
that it has only as ) 
nonnegative values. Monitoring Progress @) Help in English and Spanish at BigideasMath.com 


Simplify the expression. 


1, V24 2. —V80 3. V49x3 4, V75n5 


G Core Concept 


Quotient Property of Square Roots 


Words The square root of a quotient equals the quotient of the square roots of 
the numerator and denominator. 


I m we 
Numbers ie = a = V3 Algebra a= ue where a = O and b > 0 
4 v4 2 b vb 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigideasMath.com. 


SUPPORTING English Language Learners 


As you present the material on page 466, ask students to write down what they understand without 
reading along. This should include the objectives from What You Will Learn and the main ideas from 
the topic Using Properties of Radicals. Have them share what they understand. 


Beginning Use simple phrases to share what they understand. 
Intermediate Use simple sentences to share what they understand. 
Advanced/Advanced High Use complex sentences to share what they understand. 


ELPS 2.1.5 Demonstrate listening comprehension of increasingly complex spoken English by taking 
notes commensurate with content and grade-level needs. 


NW deawag Using the Quotient Property of Square Roots Extra Example ’) 


ie = Vis Quotient Property of Square Roots Simplify the expression. 
of Vea n vil 
Gy V== = 
= a Simplify. 36) 6 
144 12 
b. wl val Quotient Property of Square Roots b. “pe nN 
VG 
=? Simplify. : 
: xtra Example 3 


Simplify the expression. 
You can extend the Product and Quotient Properties of Square Roots to other radicals, 


3 af 
such as cube roots. When using these properties of cube roots, the radicands may a. V135 3V5 


contain negative numbers. 3 
| ob. V8x4 Axx 
3 
: 2 
EW AESEM Using Properties of Cube Roots Sos ea 


“ V=1000 10 


a, V—128 = V—64 -2 Factor using the greatest perfect cube factor. a 
[343a® 7a’Va2 


STUDY TIP = V-64 -W2 Product Property of Cube Roots d. B3 F 
To write a cube root in = Aha Simplify. 
simplest form, find factors ° 2 
of the radicand that are b. V125x? = V125 «xo + x Factor using the greatest perfect cube factors. MONITORING PROGRESS 
Be eae bes: = V125 Vib Vx Product Property of Cube Roots 
ANSWERS 
= 52x Simplify. = 
v 5. 
Hoe = i 
c Bie eS a Quotient Property of Cube Roots og: 
_wWy fae © 16 
See Simplify. 
: 6 
Se 7. = 
d. 3 dist ees Quotient Property of Cube Roots Zz 
21y 2793 
: EG 
ga g. 2 
= —— Factor using the greatest perfect cube factors. 4 
27-3 9 3V2 
3 : 3/3 ae ; 3 
= NE Product Property of Cube Roots 10. 2xV 2x 
ne Va 
= Va simplify a 
3y 
243 
— 4) jb, EN se 
Monitoring Progress Help in English and Spanish at BigideasMath.com as 
Simplify the expression. 
23 Sane 36 [4x 
> V9 6. — 700 V2 BV 64 
TB 
9, 54 10. View ee 12. pecs 
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English Language Learners 


Notebook Development 

Have students create a radicals page in their notebooks. They should include the vocabulary and 
properties used in this section. For each property, have students include an example. Be sure they 
include, when appropriate, a cube root example, as well as a square root example. 
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Extra Example 4 
Simplify the expression. 


Extra Example 5 


Simplify ule 2V3 -2 


v4 


MONITORING PROGRESS 


ANSWERS 


ie 


ah 


15. 


16. 


le 


18. —4 + 4V3 
19. V65 + 2V13 


_12V2 — 12V7 


20. 5 
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STUDY TIP 
Rationalizing the 
denominator works 
because you multiply 

the numerator and 
denominator by the same 
nonzero number a, which 
is the same as multiplying 


a 
bys Ot tl. 


ANALYZING 

MATHEMATICAL 

RELATIONSHIPS 
Notice that the product of 
two conjugates aVb + vad 
and aVb — <Vd does not 
contain a radical and is a 
rational number. 
(avb + cVa)laVb — eVa) 

= (avo) ~ (eva)? 


=a’b — ed 


Rationalizing the Denominator 


When a radical is in the denominator of a fraction, you can multiply the fraction by an 
appropriate form of 1 to eliminate the radical from the denominator. This process is 
called rationa z the d to 


“EXAMPLE 4 Rationalizing the Denominator 


Vs _ V5 V3n iply by M22 
{gee . Multiply by — 
an Vn V3n V3n 
— Vi5n Product Property of Square Roots 
V9n 
a _Vi5n_ Product Property of Square Roots 
VO~ Vin? 
_ Vi5n Simplify 
3n 
3 : i 
b. eS = = . ve Multiply by 2) 
vo vo W V3 
3 
ols ag) Product Property of Cube Roots 
V27 
as 
= ae Simplify. 


The binomials aVb + cVd and aVb — cVd, where a, b, c, and d are rational numbers, 
are called conjugates. You can use conjugates to simplify radical expressions that 
contain a sum or difference involving square roots in the denominator. 


PONE Rationalizing the Denominator Using Conjugates 


eet 7 
Simplify ; 
Vs 


SOLUTION 
a eee pen The conjugate of 2 — V3 is2 + V3. 
2-V3 2-V3 2+ V3 
= 12 A a) Sum and difference pattern 
2— (Va) 
= lhe sa Simplify. 
= jl 4b VB Simplify. 


Monitoring Progress @) Help in English and Spanish at BigideasMath.com 


Simplify the expression. 


ee 14 sal ee 16. 1 
V5 V3 V2x 3 
ee 13, —* 19, V3 20, ——— 
¥/32 1+V3 V5 =2 V24+V7 
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BS2FTSA solving a Real-Life Problem 


a The distance d (in miles) that you can see to the horizon with your eye level / feet 


above the water is given by d = i How far can you see when your eye level is 


5 feet above the water? 


SOLUTION 
d=, eI Substitute 5 for h. 
2 
= V5 Quotient Property of Square Roots 
v2 
= Vis . v2 Multiply by Va 
v2 v2 V2 
= 30 Simplify. 


> You can see van or about 2.74 miles. 


SINUS Modeling with Mathematics 


The ratio of the length to the width of a golden rectangle is (1 + V5): 2. The 
dimensions of the face of the Parthenon in Greece form a golden rectangle. What is 
the height A of the Parthenon? 


SOLUTION 


1. Understand the Problem Think of the length and height of the Parthenon as 
the length and width of a golden rectangle. The length of the rectangular face is 
31 meters. You know the ratio of the length to the height. Find the height A. 


2. Make a Plan Use the ratio (i es V5) : 2 to write a proportion and solve for A. 


‘e 
3. Solve the Problem ! a = 3 Write a proportion. 
2 
ACL ar vs) = 62 Cross Products Property 
h= 62 = Divide each side by 1 + VS. 
14+ V5 


i Ws V5 Multiply the numerator and 
1+V5 1—V5 denominator by the conjugate. 


pe ee simplify. 
h= 19.16 Use a calculator. 
The height is about 19 meters. 
4. Look Back ! ae == 1.62 and ae = 1.62. So, your answer is reasonable. 


Monitoring Progress ) Help in English and Spanlsh at BigideasMath.com 


21. WHAT IF? In Example 6, how far can you see when your eye level is 35 feet above 
the water? 


22. The dimensions of a dance floor form a golden rectangle. The shorter side of the 
dance floor is 50 feet. What is the length of the longer side of the dance floor? 
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Extra Example 6 
The distance d (in miles) that you can see 
to the horizon with your eye level A feet 


above the water is given by d = ae 
How far can you see when your eye level is 
15 feet above the water? 


You can see ae or about 4.74 miles. 


Extra Example 7 

The ratio of the length to the width of 

a golden rectangle is (1 + V5):2. The 
dimensions of the picture frame form a 
golden rectangle. What is the height A of 
the frame? 


The height is about 15 inches. 


MONITORING PROGRESS 


ANSWERS 
21. about 7.25 mi 


22. about 81 ft 
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Extra Example 8 

Simplify the expression. 

a. 3V15 + 2V13 — 7V15 
—4V15 + 2V13 

b. 5V7 + V63 8V7 

c. 42x + 5V2x 9V2x 


Extra Example 9 
Simplify V7(V3 + Vag). 5V21 


MONITORING PROGRESS 
ANSWERS 


23, 13¥2 —V6 
24. ~14V7 
We Se 
26. 36V6 


27. 36 — 16V5. 
Dea 
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STUDY TIP 


Do not assume that 
radicals with different 
radicands cannot be 
added or subtracted. 
Always check to see 
whether you can simplify 
the radicals. In some cases, 
the radicals will become 
like radicals. 


Performing Operations with Radicals 


Radicals with the same index and radicand are called like radicals. You can add and 
subtract like radicals the same way you combine like terms by using the Distributive 
Property. 


dey §=Adding and Subtracting Radicals 


a. 5V7 + V11 — 8V7 = 5V7 — 8V7 + Vil 


Commutative Property of Addition 


= (C= 8)V7 4 WL Distributive Property 
= -3V7 + VIL Subtract. 
b. 10V5 + V20 = 10V5 + V4 +5 Factor using the greatest perfect square factor, 
= 10V5 + V4-V5 Product Property of Square Roots 
= 10V5 + 2V5 Simplify. 
= (10 + 2)V5 Distributive Property 
= 12V5 Add. 
c. 6X + 2x = (6 + 2x Distributive Property 
= Wx Add. 


SS ¢NVUSER Multiplying Radicals 


Simplify V5(V3 — V75). 
SOLUTION 


Method 1 V¥5(V3 = V75) = V5 -V3—V5-V75__ Distributive Property 


= V15 — V375 Product Property of Square Roots 
= V15 — 5V15 Simplify. 
=(1~-5)V15 Distributive Property 

= =AiVi5 Subtract. 

Method 2. V5(V3 — V75) = V5(V3 — 5V3) Simplify V75. 

= vs[a = 5)V3 | Distributive Property 

= V5(—4v3) Subtract, 

= —4V15 Product Property of Square Roots 


Monitoring Progress ef) Help In English and Spanish at BigideasMath.com 
Simplify the expression. 
23. 3V2 — V6 + 10V2 
25. 4V5x — 11V5x 

27. (2V5 — 4)” 


24. 4V7 — 6V63 
26. V3(8V2 + 7V32) 
28. V—4(W2 — V6) 
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Closure 


¢ Writing Prompt: This was a very long lesson. Right now | am feeling ... 


9.1 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions avallable at BigideasMath.com 


. COMPLETE THE SENTENCE The process of eliminating a radical from the denominator of a 


radical] expression is called 


. VOCABULARY What is the conjugate of the binomial V6 + 4? * 


. WRITING Are the expressions iV2x and & equivalent? Explain your reasoning. 


. WHICH ONE DOESN'T BELONG? Which expression does not belong with the other three? 


Explain your reasoning. 


-1V6 ov3 


~3V3 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-12, determine whether the expression 
is in simplest form. If the expression is not in simplest 
form, explain why. 


5. V19 6. s 

7. V48 8. V34 

ees 10, 3¥10 
Vi 4 

‘ik = B. 6= Wea 
DID 


In Exercises 13-20, simplify the expression. 
(See Example 1.) 


13. V20 14. V32 
15. V128 16. —V72 
17. V125b 18. V4x2 
19. —V8im> 20. V48n5 


In Exercises 21-28, simplify the expression. 
(See Example 2.) 


4 a 
21, 49 2), 31 

23 65 

2. 7 24. j— 

ea 64 121 
a 144 

25. 49 26. pal 
100 25v2 
- yo 28. \j——— 

af 4x? 36 


1 
Dore 
k 
27, 2 
ake 
5v 
eee 
6 
29. 2/2 
30. -3V4 
Bie 
oy Se 
oye 
a3 - 


In Exercises 29-36, simplify the expression. 
(See Example 3.) 


29. W16 30. W—108 
31. V—64x 32. -V343n2 
3/_6¢ 3/8h* 
oF 
veel 


33. 


(Sz 
4.4 
—125 3 
3504) 81y? 36. 2) 
; 1000x3 ~64a3b® 


ERROR ANALYSIS In Exercises 37 and 38, describe and 
correct the error in simplifying the expression. 


Birk 


38. 


as = 
x 
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3 
aa ae 


3V/ 3y2 
54 = 
10x 
W21 


~ dab? 


36. 


37. The radicand 18 has a perfect square factor 


O10) 72 =o) = OV) 
38. The denominator should be V 25k 


Assignment Guide and 
Homework Check ~ 


ASSIGNMENT 


Basic: 1-4, 5-61 odd, 73-89 odd, 
102, 104, 108-115 


Average: 1-3, 4—90 even, 94, 102, 
104, 108-115 


Advanced: 1-4, 20, 28, 34—40 even, 
52-64 even, 68-74 even, 80-90 even, 
91-115 


HOMEWORK CHECK 

Basic: 13, 29, 55, 75, 83 
Average: 14, 32, 56, 76, 84 
Advanced: 20, 34, 56, 80, 84 


ANSWERS 


1. rationalizing the denominator 


2. G4 


DG j 

3. fea eas. 
yes 9 9 

2 5 0 V2e = 5V2x 


4, —iV6; The other three expressions 
have like radicals of V3. 


So Wes 
6. no; The radicand is a fraction. 


7. no; The radicand has a perfect square 
factor of 16. 


8. yes 


9. no; A radical appears in the 
denominator of a fraction. 


10. yes 


11. no; A radical appears in the 
denominator of a fraction. 


12. no; The radicand has a perfect cube 
factor of 27. 


13. OVS 
14. 4V2 
15. 8V2 
16. —6V2 
17. 5V5b 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Interactive Whiteboard Lesson Library — 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
39. v6 
V6 
4 
Iz 
Wx 
AT 2 
Wr 
3 
a, V2 
v2 
43. V5 +8 
V5 +8 
44. V3 — V7 
U2 Va 
45. V2 
ae 
3 
47, VIS 
ie 
yi 
1S. 
1B 
ag, 28 
a 
so, V2 
2x 
a 
5 
2vV6n 
52. 
3n?2 
5 
53, 4V5 
5 
3 
ai Sea) 
6y 
Va = 
55. ee es 
6 
a6 5b Va 
li 
a WV10 + 2V5 
i 47 
58. So = 5 
31 
59. V5 + V2 
A i 


61. a. about 1.85 sec 
b. about 0.68 sec 
62. a. P=dVd 
b. about 11.86 Earth years 
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pices 


In Exercises 39-44, write a factor that you can use to 
rationalize the denominator of the expression. 


390 so. —! 
V6 V13z 
Al. 2 42. ae 
Ve V4 
[> 
re, ae 44) eS 
v5 -8 Nee anal 


In Exercises 45-54, simplify the expression. 
(See Example 4.) 


Piet 46, 
V2 V3 
V5 4 
ag 4g. i 
V48 52 
3 1 
MG, 22 50. == 
Va V2x 
2D 2 
51 \-s 52, 38 
5) V3n3 
—- 54. 3) : : 
W/95 \ 108y2 


In Exercises 55-60, simplify the expression. 
(See Example 5.) 


2. 
Poy enh 56, == 
veel 53 
fin i 
57. ea. ire ee 
7= WD 6+V5 
= 
59. — Ss 60. a es : 
V5 —-V2 WH ae WR 


61. MODELING WITH MATHEMATICS The time ¢ (in 
seconds) it takes an object to hit the ground is given 
by t= i where / is the height (in feet) from which 
the object was dropped. (See Exainple 6.) 


a. How long does it take an earring to hit the ground 
when it falls from the roof of the building? 


b. How much sooner 
does the earring hit 
the ground when it is 
dropped from two stories 
(22 feet) below the roof? 


472 Chapter 9 Solving Quadratic Equations 


63. about 5.42 amperes 
64. Account 3; It has the greatest interest rate. 


62. 


63. 


64. 


MODELING WITH MATHEMATICS The orbital period 
of a planet is the time it takes the planet to travel 
around the Sun. You can find the orbital period P 

(in Earth years) using the formula P = Vd3, where 
d is the average distance (in astronomical units, 
abbreviated AU) of the planet from the Sun. 


a. Simplify the formula. 


b. What is Jupiter's orbital period? 


MODELING WITH MATHEMATICS The electric 
current / (in amperes) an appliance uses is given by 
the formula / = f where P is the power (in watts) 


and R is the resistance (in ohms). Find the current an 
appliance uses when the power is 147 watts and the 
resistance is 5 ohms. 


MODELING WITH MATHEMATICS You can find the 
average annual interest rate r (in decimal form) of 


; : V. 
a savings account using the formula r = ve = jl, 
0 


where Vp is the initial investment and V, is the 
balance of the account after 2 years. Use the formula 
to compare the savings accounts. In which account 
would you invest money? Explain. 


| ‘ : 
Initial Balance after 
Account | . 
ie investment 2 years 
| $275 $293 
2 $361 $382 
3 I $199 sells $214 
4 254 vile 
i; 8 ele $ 
\ 5 | $386 $406 


In Exercises 65-68, evaluate the function for the given 
value of x. Write your answer in simplest form and in 
decimal form rounded to the nearest hundredth. 


65. h(x) = V5x;x = 10 


67. rQ@) =, we Be =4 


68. p(x) = ee 


66. g(x) = V3x; x = 60 


In Exercises 69-72, evaluate the expression when 
a=-2,b=8,andc = Write your answer in simplest 
form and in decimal form rounded to the nearest 
hundredth. 


69. Va2 + be 70. —V4c — 6ab 
71. —V2a? + b2 72. Vb? — 4ac 


73. MODELING WITH MATHEMATICS The text in the 
book shown forms a golden rectangle. What is the 
width w of the text? (See Example 7.) 


E-w in. 4 


es 
74. MODELING WITH MATHEMATICS The flag of Togo is 
approximately the shape of a golden rectangle. What 


is the width w of the flag? 


Ij $d tt, Sa 


* 


In Exercises 75-82, simplify the expression. 
(See Example 8.) 


75. V3—2V2+6V2 76. V5 —5V13 —8V5 
77. 2V6 —5V54 78. 9V32 + V2 
79. V12+6V3 +2V6 80. 3V7 — 5V14 + 2V28 


81. V—81 +43 82. 6V128 — 2V21 


In Exercises 83-90, simplify the expression. 
(See Example 9.) 


83. V2(V45 + V5) 84, V3(V72 — 3V2) 

85. V5(2V6x — Voox) 86. V7y(V27y + sV/12y) 
87. (4V2 — vos)’ gs. (V3 + V48)(V20 — Vs) 
89. V3(V¥4+V32) 90. ¥2(W135 —4V5) 


91. MODELING WITH MATHEMATICS The circumference 
C of the art ¥o0m in a mansion is approximated by 


Dao ye 
the formula C ~ 27“ a . Approximate the 


circumference of the room. 


trance a 
living 


zal] room 


92. CRITICAL THINKING Determine whether each 
expression represents a rational or an irrational 
number. Justify your answer. 


a 4+ V6 b. u a 
V3 
oes d. V34+V7 
V12 
e. — where a is a positive integer 
V10 — V2 
b 2+ V5_ where } is a positive integer 
2b + V5b* 
In Exercises 93-98, simplify the expression. 
13 10 
93. J. 94. W— 
She 81 
95. \/256y 96. V/160x5 


97, 6/9 — Wo +39 98. Wa(/7 + Wie) 
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ANSWERS 


65 
66 


67. 


68. 


69. 
70. 
AG 


72. 
Wee 
74. 


Vise 
76. 
UAE 
78. 
79. 
80. 
81. 
82. 
83. 
$4. 
85. 


86. 
87. 


88. 
89. 


90. 
91. 
92. 


93. 


94, 


TES 
96. 
97. 


98 


5V2, about 7.07 


. 6V5, about 13.42 


ae about 0.47 


V70 
30° about 0.42 


2V2, about 2.83 
SN about —9.90 
—6V2, about —8.49 


2V17, about 8.25 
about 3.71 in. 
about 25.96 in. 
V3 + 4V2 
~7V5 ~— 5V13 
~13V6 

37V2 

8V3 + 2V6 
V7 —5V14 
V3 

22 2t 


4V10 


-Yi0 
about 114 ft 


a. irrational; Six is not a perfect 
square. 


b. rational; Four is a rational 
number. 


c. irrational; Twelve is not a perfect 
square. 


d. irrational; Three and seven are 
not perfect squares. 


e. irrational; Two and ten are not 
perfect squares. 


: ke ; ; 
f. rational; — is rational when b is 
a positive integer. 


DA) Sx: 
9V9 — V9 
5 a 
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ANSWERS 
99. See Additional Answers. 


100. a. always; The sum of two fractions 
can be written as a fraction. 


b. always; The sum cannot 
be written as the ratio of 
two integers. 


c. sometimes; V¥3+V3= ON 
but V3 + (—v3 )=0. 


d. always; The product of two 
fractions can be written as 
a fraction. 
e. always; The product cannot 
be written as the ratio of 
two integers. 
f. sometimes; V3.q7= V3, 
but V3 «V3 = 3. 
101. odd; even; When m is even, 2’ is a 
perfect square. 
102. Sample answer: V2 
103. a2 < ab < b* whena <b. 
104. no; Applying the sum and difference 


pattern to, the denominator results 
in 16 — V52, which still contains a 


radical. 
105. 377 
2 
106. a. xs evs 1=0, 
2 2 
— 1SY5 2 oy 
2 2 
b. Sample answer: DF = Ls 
A 1 B 
1 
D Eee F 
2 


107-115. See Additional Answers. 


Mini-Assessment 


Simplify the expression. 


1. V144x3 12xv'x 

2. V=5he =3x07 

3, _/ 
V7 43 


4 45 2 es 5 Vs 
5. V3(v2 — v8) —ve 


-V2 +3 
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if students need help... 


REASONING In Exercises 99 and 100, use the table 102. HOW DO YOU SEE IT? The edge length s of a cube is 


shown, an irrational number, the surface area is an irrational 
a - — number, and the volume is a rational number. Give a 
2 ; 0.1 a oe possible value of s. 
' + 
2 
i 
ae oa wana = s 
: : 
| v3 | 
Vs = achaiimee 
= bs ee 
a | | | L 103. REASONING Let a and b be positive numbers. 
Explain why Vab lies between a and b on a number 
99. Copy and complete the table by (a) finding each line. (Hint: Let a < b and multiply each side of a < b 
1 : by a. Then let a < b and multiply each side by b.) 
sum (2 +2,2+ ie etc.) and (b) finding each product 
(2 oD, Bo > ete.). 104. MAKING AN ARGUMENT Your friend says 
that you can rationalize the denominator of the 
100. Use your answers in Exercise 99 to determine whether expression by multiplying the numerator 
each statement is always, sometimes, or never true. Bi se WS) 5 
Justify your answer. and denominator by 4 — V5. Is your friend correct? 
a. The sum of a rational number and a rational Epi 
number is rational. 105. PROBLEM SOLVING ‘The ratio of consecutive 
b. The sum of a rational number and an irrational terms “— in the Fibonacci sequence gets closer and 
number is irrational. Goll 


5 J) se WS , é 
1A Se closer to the golden ratio as n increases. Find 
c. The sum of an irrational number and an irrational 


number is irrational. the term that precedes 610 in the sequence. 


d. The product of a rational number and a rational 


TITS 106. THOUGHT PROVOKING Use the golden ratio 4 ae 
e. The product of a nonzero rational number and an ; ; | “WS 
Ssaeavfaneal snainar is inerienll and the golden ratio conjugate for each of the 


following. 
f. The product of an irrational number and an 


Sceo taynll talcunalayer? Ag Heenan a. Show that the golden ratio and golden ratio 


conjugate are both solutions of x? — x — 1 = 0. 


101. REASONING Let m be a positive integer. For what b. Construct a geometric diagram that has the golden 
values of m will the simplified form of the expression ratio as the length of a part of the diagram. 
V2” contain a radical? For what values will it not ~ tone chet soot ies ster anatines 


contain a radical? Explain. 
107. CRITICAL THINKING Use the special product pattern 
(a + b)(a? — ab + b*) = & + DB to simplify the 


expression -—_——. Explain your reasoning. 
3 
Vx +t 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Graph the linear equation. Identify the x-intercept. (Section 3.5) 


108. y=x-4 109. y=-2x+6 110. y=—-ix-1 111. y=ixt+6 


Solve the equation by graphing. Check your solution. (Section 5.5) 


M2 xe 2a 113. Sx+3=3x-4 114. 4x—3=8—2¢ WE, ee = I] SS Ge = II) 
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If students got it... 
Resources by Chapter Resources by Chapter 
e Practice A and Practice B e Enrichment and Extension 
¢ Puzzle Time * Cumulative Review 


Student Journal 


: Start the next Section 
e Practice 


2 ee re a ono 


Differentiating the Lesson 
Skills Review Handbook 


Solving Quadratic Equations 


by Graphing 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A.A 

A.8.8 


USING 
PROBLEM-SOLVING 
STRATEGIES 


To be proficient in math, 
you need to check your 
answers to problems using 
a different method and 
continually ask yourself, 
“Does this make sense?” 


Essential Question How can you use a graph to solve a quadratic 


equation in one variable? 


Based on what you learned about the 
x-intercepts of a graph in Section 3.4, 
it follows that the x-intercept of the 
graph of the linear equation 


The x-intercept 
of the graph of 
=x+2is -2. 


Ailes ‘ 
"| The solution of the | 
-| equation x + 2 = 0} 


ae] 


y=axt+b 2 variables 


is the same value as the solution of 
axt+b=0. 1 variable 


You can use similar reasoning to 
solve quadratic equations. 


EXPLORATION 1 Solving a Quadratic Equation by Graphing 


Work with a partner. 
a. Sketch the graph of y = x? — 2x. 


b. What is the definition of an 
x-intercept of a graph? How many 
x-intercepts does this graph have? 
What are they? 


c. What is the definition of a solution 
of an equation in x? How many 
solutions does the equation 
x* — 2x = 0 have? What are they? 


d. Explain how you can verify the 
solutions you found in part (c). 


EXPLORATION 2 Solving Quadratic Equations by Graphing 


Work with a partner. Solve each equation by graphing. 

a. x*7—-4=0 b. x? + 3x =0 

c. —x? + 2x =0 Ch, ie = Be te 1 == (0) 
i, Sue de he = (= 0) 


Gy oo — Ste 5 SO) 


Communicate Your Anewer 


3. How can you use a graph to solve a quadratic equation in one variable? 


4. After you find a solution graphically, how can you check your result 
algebraically? Check your solutions for parts (a)—(d) in Exploration 2 
algebraically. 


5. How can you determine graphically that a quadratic equation has no solution? 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigldeasMath.com. 


| SUPPORTING English Language Learners 


Present the Essential Question. Have students work in pairs to complete the explorations and 
Communicate Your Answer. Have them share their answers with the class. 


ELPS 3.H.3 Explain with increasing specificity and detail as more English is acquired. 


Beginning/Advanced When sharing answers, Beginning students use simple phrases to provide 
details and Advanced students use multiple sentences. 

Intermediate/Advanced High When sharing answers, Intermediate students use simple 
sentences to provide details and Advanced High students use multiple complex sentences. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


we Texas Essential 
we Knowledge and Skills 
A.7.A The student is expected to graph 
quadratic functions on the coordinate 
plane and use the graph to identify 
key attributes, if possible, including 
x-intercept, y-intercept, zeros, maximum 
value, minimum values, vertex, and the 
equation of the axis of symmetry. 


A.8.B The student is expected to write, 
using technology, quadratic functions 
that provide a reasonable fit to data to 
estimate solutions and make predictions 
for real-world problems. 


ANSWERS 


ll, Bb 


b. the x-coordinate of a point where 
the graph crosses the x-axis; 
ae), 2 

c. a value of x that makes the 
equation true; 2; 0, 2 


d. Substitute the solutions into 
the equation. 


2. a: x= 2.x ——2 
b x=0,x = —-3 
ce x=0,x=2 
d. x= 1 
e. no solution 
f. no solution 


3. Write the equation in standard form 
ax’ + bx + c = 0, graph the related 
function y = ax? + bx + c, and find 
the x-intercepts. 

4. Substitute the solutions into the 
equation. 

§. See Additional Answers. 
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Extra Example 1 
Solve x2 + 2x = 8 by graphing. 


The solutions arex = —4 and x =2. 


MONITORING PROGRESS 
ANSWERS 

1 x«=2,x=-1 

A SS Sa SS SD 

ah = th SB 
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Core.Vocabulary.. 


quadratic equation, p. 476 


Previous 
x-intercept 

root 

zero of a function 


What You Will Learn 


Solve quadratic equations by graphing. 
f Use graphs to find and approximate the zeros of functions. 
P Solve real-life problems using graphs of quadratic functions. 


solang TER TEN Equations by Graphing 


yuadratic e ion is a nonlinear equation that can be written in the standard form 
Resesyrouperssiy where a # 0. 

In Chapter 7, you solved quadratic equations by factoring. You can also solve quadratic 
equations by graphing. 


G) Core Concept 


Solving Quadratic Equations by Graphing 
Step 1 Write the equation in standard form, ax? + bx + c = 0. 


Step 2 Graph the related function y = ax? + bx + c. D 
Step 3 Find the x-intercepts, if any. 


The solutions, or roots, of ax? + bx + c = O are the x-intercepts of the graph. 


DeNVideaee Solving a Quadratic Equation: Two Real Solutions 


Solve x? + 2x = 3 by graphing. 


SOLUTION 
Step 1 Write the equation in standard form. 
bee ap Phe = 3 Write original equation. 
ge te he 3) (0) Subtract 3 from each side, 


Step 2 Graph the related function 
VS ie 4 oe = Ss, 


Step 3 Find the x-intercepts. 
The x-intercepts are —3 and 1. 


> So, the solutions are x = —3 Si 
ly=x + 2x - 3) 
and x = 1. er 
| 
|) i 
ai 
' x2 + 2x = 3 Di sinalecreuion — 2 4+2x=3 s 
paola ake im, i 9 a 
(—3)2 + 2(-3) = 3 j Substitute. a 12 + 2(1) = 3 a 
: adil Li J 
j 2 i = aie/ i Simplify. at 3=3 i 
ee vu peerage | Ter i —— 
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Solve the equation by graphing. Check your solutions. 


bh eH =e — 2 = 0 2. 2+ 7x = —10 3. x7 +x= 12 


476 Chapter 9 Solving Quadratic Equations 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 


at BigideasMath.com. 


Differentiated Instruction 


| Auditory 


Have students verbally describe the steps they would use to graph a quadratic equation such as 
y = 3x? — 3. Ask them to explain how they can predict whether the graph will open up or down. Be 
sure students understand that this graph will open up because the coefficient of x? is greater than 0. 


ANOTHER WAY 


You can also solve the 
equation in Example 2 
by factoring. 


x2 — 8x + 16 = 0 
(x - 4) — 4) =0 


So, x = 4. 


EXAMPLE 2 Solving a Quadratic Equation: One Real Solution 
Solve x? — 8x = —16 by graphing. 
SOLUTION 


Step 1 Write the equation in standard form. 
Be = Eee ING 


x?—8x+ 16=0 


Write original equation. 
Add 16 to each side. 


Step 2 Graph the related function 
y =x? — Bx + 16. 


we 


Step 3 Find the x-intercept. The only 
x-intercept is at the vertex, (4, 0). 


P So, the solution is x = 4. 


ON Viagem Solving a Quadratic Equation: No Real Solutions 
Solve —x? = 2x + 4 by graphing. 


SOLUTION 


Method 1 Write the equation in standard form, x? + 2x + 4 = 0. Then graph the 
related function y = x? + 2x + 4, as shown at the left. 


> There are no x-intercepts. So, —x* = 2x + 4 has no real solutions. 


Method 2 Graph each side of the equation. ae, 
=2x+4 
y= =e Left side LS 
y= +4 Right side : 


p> The graphs do not intersect. 
So, —x? = 2x + 4 has no real solutions. 
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Solve the equation by graphing. 


tl, Ge ae BiG = Ie Ry, 2 ab chy =O 6. x? + 10x = —25 
th a = Be = 3 8. x7 + 7x = -—6 9. 2x + 5 = —x? 
Concept Summary 


Number of Solutions of a Quadratic Equation 


A quadratic equation has: 
* two real solutions when the graph of its related function has two x-intercepts. 
* one real solution when the graph of its related function has one x-intercept. 


* no real solutions when the graph of its related function has no x-intercepts. 
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Extra Example 2 
Solve x? + 4x = —4 by graphing. 


y=x?+4x+4 
Se 


i 


The solution is x = —2. 


Extra Example 3 
Solve —x? = 4x + 8 by graphing. 


—x? = 4x + 8 has no real solutions. 


MONITORING PROGRESS 


ANSWERS 
4. x=6 
§. x=0,x = —4 
 £==—5 
7. no solution 
8 x= -6,x=—1 
9. no solution 


Section 9.2 


477 


Extra Example 4 
The graph of f(x) = (x — 1)02 — x — 6) is 
shown. Find the zeros of f 


[ F(x) = (x — 1)(x2 — x — 6) 
E == AG 5 


=4 YY 


He te aha B) 


The zeros of f are —2, 1, and 3. 


Extra Example 5 

The graph of f(x) = x2 — x — 5 is shown. 
Approximate the zeros of f to the nearest 
tenth. 


ANOTHER WAY 


You could approximate 
one zero using a table 
and then use the axis 
of symmetry to find 
the other zero. 


The zeros of f are about —1.8 and 2.8. 


MONITORING PROGRESS 
ANSWERS 


10. 


478 


Chapter 9 


11. 


about —0.7, about 2.7 
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Finding Zeros of Functions 
Recall that a zero of a function is an x-intercept of the graph of the function. 


EXAMPLE 4 Finding the Zeros of a Function 


The graph of f(x) = (x — 3)(x? — x — 2) is shown. Find the zeros of f 


SOLUTION 
The x-intercepts are —1, 2, and 3. 


P So, the zeros of f 
are —1, 2, and 3. 


The zeros of a function are not necessarily integers. To approximate zeros, analyze the 
signs of function values. When two function values have different signs, a zero les 
between the x-values that correspond to the function values. 


“EXAMPLE 5 Approximating the Zeros of a Function 


The graph of f(x) = x2 + 4x + 1 is shown. 
Approximate the zeros of f to the nearest tenth. 


SOLUTION 
There are two x-intercepts: one between —4 and —3, a 
and another between —| and 0. /f - 


[fo = 


ere 


Make tables using x-values between —4 and —3, and 
between —1 and 0. Use an increment of 0.1. Look for 
a change in the signs of the function values. 


x? + Ax +1 


ie -29 | -38 [Cad -36 | -35 | -34] -33 | 32 | an 
| ‘ 
‘#00 | 0.61 | 0.24 | 0.11 | 0.44 | —0.75 | —1.04 | -1.31 | —1.56 | -1.79 
pR = =U He 2 i 

change in signs 
. a eres a oe Toi] 
{ | | oa ee = 
2 ™09 | 08) 07) 06) 05) 04 C03) 0.2 | onl 
| fa | -1.79 1.56 | -131 1.04 | 0.75 | -0.44] -0.11} 0.24 | 0.61 | 


The function values that are closest to 0 correspond 
to x-values that best approximate the zeros of the function. 


change in signs 


> Ineach table, the function value closest to 0 is —0.11. So, the zeros of f 
are about —3.7 and —0.3. 


Monitoring Progress 4) Help in English and Spanish at BigideasMath.com 
10. Graph f(x) = x? + x — 6. Find the zeros of f. 


11. Graph f(x) = —x* + 2x + 2. Approximate the zeros of f to the nearest tenth. 


Solving Quadratic Equations 


Ivi sui 
Solving Real-Life Problems Extra Example 6 


eNIaa Real-Life Application A soccer player kicks a soccer ball 2 feet 


A football player kicks a football 2 feet above the ground with an initial vertical above the ground with an initial vertical 
velocity of 75 feet per second. The function h = — 162 + 751 + 2 represents the velocity of 60 feet per second. The 
height # (in feet) of the football after t seconds. (a) Find the height of the football each . = 

second after it is kicked. (b) Use the results of part (a) to Cue when the height of function hh = —16t° + 60t + 2 represents 
the football is 50 feet. (c) Using a graph, after how many seconds is the football the height h (in feet) of the soccer ball 

50 feet above the ground? after t seconds. 


en 


SOLUTION a. Find the height of the soccer ball each 
a. Make a table of values starting with t = 0 seconds using an increment second after it is kicked. The height 
as ; Heh of 1. Continue the table until a function value is negative. of the soccer ball is 46 feet after 
. | , P The height of the football is 61 feet after | second, 88 feet after 2 seconds, 1 second, 58 feet after 2 seconds, and 
zi 83 feet after 3 seconds, and 46 feet after 4 scconds. 38 feet after 3 seconds 
l 61 : ' 
: b. From part (a), you can estimate that the height of the football is 50 feet between : 
2 8g 0 and | second and between 3 and 4 seconds. b. Use the results of pelt (a) to ee 
ae when the height of the soccer ball is 
3 33 p> Based on the function values, it is reasonable to estimate that the height of the AO f The height of th ball 
; 4 football is 50 feet slightly less than 1 second and slightly less than 4 seconds eet. € height or the soccer ba 
4 46 | after it is kicked. is 40 feet slightly less than 1 second 
5 = 73 ¢, To determine when the football is 50 feet above the ground, find the t-values for and slightly less than 3 seconds after 
= ast which A = 50. So, solve the equation — 16/2 + 75 + 2 = 50 by graphing. it is kicked 
Step 1 Write the equation in standard form. C. Using a graph, after how many 
TIN a ait Nees seconds is the soccer ball 40 feet 
—167 + 751 — 48 =0 Subtract 50 from each side, above the ground? The soccer ball is 
Bua ue! ene em ue h = —16t2 + 75t — 48 40 feet above the ground after about 
graph the related function 
h ee +751 — 48. 0.8 second and about 2.9 seconds. 
REMEMBER 


Equations have so/futions, 


or roots. Graphs have MONITORING PROGRESS 
x-intercepts. Functions ANSWERS 


have zeros. —10 
Step 3 Use the zero feature to find 12. about 1.1 sec, about 3.6 sec 


the zeros of the function. 


50 


ero 
X=3.9227256 Y=0 
S10) —10 


p> The football is 50 feet above the ground after about 0.8 second and about 
3.9 seconds, which supports the estimates in part (b). 
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12. WHAT IF? After how many seconds is the football 65 feet above the ground? 
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Section 9.2 479 


In Section 4.6, you used a graphing calculator to perform linear regression on a set of 
data to find a linear model for the data. You can also perform quadratic regression. 


Extra Example 7 
The table shows the recorded 


temperatures on one day. 


‘EXAMPLE 7 Finding a Quadratic Model Using Technology 


=e ene s The table shows the recorded temperatures (in degrees Fahrenheit) for a portion 
Time | Temperature (°F) ‘ ; 
T t (°F) — = = ai of a day. (a) Use a graphing calculator to find a quadratic model for the data. Then 
emperature 6AM. 58 determine whether the model is a good fit. (b) At what time(s) during the day is the 
temperature 77°F? 
sam | 68 
SOLUTION 
10 a.m. 76 
a. Step 1 Enter the data from the table Step 2 Use the guadratic regression 
12 PM. 82 into two lists. Let x represent feature. The values in the 
San 84 the number of hours after equation can be rounded to obtain 
me midnight. y OB ae Wilby 3° 2. 
4PM. 81 
QuadReg 
y=axét+bx+c¢ 
oe 2 a=~.4255952381 


a. Use a graphing calculator to find a 
quadratic model for the data. 
y = —0.41x? + 11.2x — 10, where x 
represents the number of hours after 
midnight 

b. At what time(s) during the day is the 
temperature 64°F? about 11.2, or 


11:12 A.M., and about 16.1, or 4:06 P.M. 


MONITORING PROGRESS 

ANSWERS 

es, ao wy = OWE — Ole ++ Be Nes, iilne 
graph of the equation passes 
through or is close to all of the 
data points. 


b. 30 days 
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| STUDY TIP 
Notice that the graphing 


| calculator does not 
calculate the correlation 
coefficient r, but it does 
calculate R2, which is 
called the coefficient of 
determination. An R? 

i value that is close to 1 also 


indicates that the model is 
-a good fit for the data. 


JUSTIFYING THE 
SOLUTION 


From the table, you 
can estimate that the 
temperature is 77°F 
between 10 A.M. and 

| 12 P.M. and between 4 p.m. 
and 6 P.M. So, your answers 
are reasonable, 


mat 


b=11.73214286 


c=2.166666667 
R2= 9933031503 


Step 3 Enter the equation y 0.43x2 + 11.7x + 2 into the calculator. 
Then plot the data and graph the equation in the same viewing window. 


p> The graph of the equation passes through 100 
or is close to all of the data points. So, the 
model is a good fit. 


b. Find the x-values for which y = 77 by 


writing —0.43x2 + 11.7x + 2 = 77 in : 
standard form, graphing the related function e 0 a 
y = —0.43x? + 11.7x — 75, and finding its zeros. 


8 


Zero 
X=10.338472 Y=0 


-6 —6 


Zero 
X=16.870831 Y=0 


> The temperature is 77°F at about 10.3, or 10:18 a.M., and at about 16.9, 
p 
or 4:54 P.M. 
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13. After a break, two students come to school with the flu. The table shows the total 


480 Chapter 9 


| Closure — 


numbers of students infected with the flu x days after the break. (a) Use a graphing 
calculator to find a quadratic model for the data. Then determine whether the 
model is a good fit. (b) How many days after the break are 26 students infected? 


Days after break | 0 7 ee || ail 49 | 
Students with flu; 2 | 3 | 5 | 8 | 18 | 30 | 42 | 55 | 


Solving Quadratic Equations 


¢ When a quadratic equation has two solutions, what do you know about the graph of its related 
function? It has two x-intercepts. 


9. 2 Exe rcises Dynamic Solutions available at BigideasMath.com 


Assignment Guide. and 


Homework Check 


Vocabulary and Core Concept Check 


ASSIGNMENT 
1. VOCABULARY What is a quadratic equation? : 

Basic: 1-4, 5-29 odd, 37—49 odd, 53, 
2. WHICH ONE DOESN'T BELONG? Which equation does nor belong with the other three? 55), 6), 8, WLI 7/ 

Explain your reasoning. 
on Average: 1-3, 4—62 even, 66, 72-77 
x? + 5x = 20 Be abe A= iO) x7 — 6 = 4x back i) 52 
Advanced: 1-4, 8, 12, 20-32 even, 
. WRITING How can you use a graph to find the number of solutions of a quadratic equation? 40-62 even, 63-77 


. WRITING How are solutions, roots, x-intercepts, and zeros related? 


HOMEWORK CHECK 


Monitoring Progress and Modeling with Mathematics BELG US i eInG 
— i. i | ee ee Average: 14, 20, 38, 44, 54 
In Exercises 5-8, use the graph to solve the equation. ie, sf Sj] = oe MN, a 53 Advanced on 2aa at 54 
5. -2+2r+3=0 6. 2-6r4+8=0 Sa 
7, ae = 12S aye 7, Se = (Se 
A, 32 = De se 24. 16 —x*= —8x ANSWERS 
25. ERROR ANALYSIS Describe and correct the error in 1. an equation that can be written in 
solving x2 + 3x = 18 by graphing. the standard form ax* + bx + ¢ = 0, 


where a # 0 
2. x* +x —4=0; Itis the only 
equation written in standard form. 


(y= Ox 3 
7. x2 + 8x + 16=0 8. 3. The number of x-intercepts is the 
number of solutions. 


no solution 
26. ERROR ANALYSIS Describe and correct the error in 5 a : 2 a 
solving x2 + 6x + 9 = 0 by graphing. See 1) Ole al) 


9. 4x? = 12 10, == 16 10. + 15=0o0r-x* -— 15=0 
1 Il. 2 —2x+1=O0o0r 
i, Bie oe Il (Py Sab = Be ‘. 


= 4 Oy = l= 
In Exercises 13-24, solve the equation by graphing. \s 12, 2—> 7 = 5 —Hor 
(See Examples 1, 2, and 3.) 


ly = x2 + 6x + 9} 2 = 
ly | 32 +x+5=0 


ed SS 


4. They are the same. 
> = 2 ==! 
The solutions of the equation GH = 7 x=2 
x? + 3x = 18 arex= —Bandx=0. _ 
= ds = =A 
8. 
9, 


In Exercises 9-12, write the equation in standard form. 


13. 2 — 5x =0 14. 2-4x+4=0 ee eS 
15. x2-2x+5=0 G 2=6r=—7 = 14. x=2 
7. 2=6x-9 ‘i, <= Gee DO The solution of the equation 15. no solution 
x? + 6Gx+9=Oisx=9. 16. x=7.x=-1 
17. x=3 
Section 9.2 Solving Quadratic Equations by Graphing 481 geeereniigen 
i, 2==—ll 
20. no solution 
25. The equation needs to be in standard form; 26. The solution is the x-intercept, not the Ml, = =6, 5 = 2 
x2+3x-18=0 y-intercept; The solution is x = —3. 22. x=3,x=2 


23. x= -2,x=1 
24 = 97 or = ey 


38) 


| y = x? + 3x — 


The solutions are x = —6 and x = 3. 
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27. MODELING WITH MATHEMATICS The height y 41. 42. 
e + (in yards) of a flop shot in golf can be modeled 
Dynamic Teaching Tools ty nr 
Dynamic Assessment & Progress Monitoring Tool oe beg honizonts 
; . distance (in yards). = 
Interactive Whiteboard Lesson Library =. 
“ al Se ae a. Interpret the _ S x 
Dynamic Classroom with Dynamic Investigations intereepe er erapirot he ences na ES 3) a= Oe >) 


b. How far away does the golf ball land? 
In Exercises 43-46, approximate the zeros of f to the 


ANSWERS 28. MODELING WITH MATHEMATICS The height h nearest tenth. (See Example 5.) 
27. a. The x-intercepts are the distances (in feet) of an underhand volleyball serve can be 
WO cima modeled by h = —16 + 30¢ + 4, where fis the 43. 44. 
e yy ; time (in seconds). 
b. Syd a. Do both ¢-intercepts of the graph of the function 
28. a. no; One of the f-intercepts is have meaning in this situation? Explain. 
negative. b. No one receives the serve. After how many ff 
ba Dieee seconds does the volleyball hit the ground? e/a. 
: i) aie OX + 3] 
29) «= 5g = In Exerciscs 29-36, solve the equation by using Method 2 -_ 
30. no solution fromm Exaniple.3, 45. 
: 2 i= Sa 
SIMETIOncolunion 2a), I) = Sas 0, Wee 3) 3 
20, Se 5 ie = Il ch), Shp See EPR oe =o; — 5) 
33. x = —10,x = -2 33. x? + 12x = —20 34, + 8x=9 
= = a 
34. x= —9,x= 1 Eh, =a SS os 6, = a = thy Se 


Fx) = -x2+6x-2 


36. x =2 In Exercises 47-52, graph the function. Approximate the 


35. no solution 


£7 D0) =I 37. zeros of the function to the nearest tenth, if necessary. 
ey lh, SD 47. fa) =x+6x4+1 ASG) — = oe 

39 3h EG), yas aap dhe = 2 Be Saar oh = 6) ‘ 
: ces VAa 51. fix) =4x2+2x-5 52. fa) = 32 + 4x43 
a zs 1 x 53. MODELING WITH MATHEMATICS At a Civil War 


reenactment, a cannonball is fired into the air with 
an initial vertical velocity of 128 feet per second. 
The release point is 6 feet above the ground. The 
function h = —16 + 128: + 6 represents the 
height / (in feet) of the cannonball after ¢ seconds. 
(See Example 6.) 


a a oe Fe a. Find the height of 
f(x) en + 3)(-x? + 2x = 2) the cannonball each 
second after it is fired. 


43. about 4.3, about 0.7 
44. about 0.3, about —3.3 
45. about 2.4, about —0.4 


u= b. Use the results of 
8 part (a) to estimate 
A when the height of the 
cannonball is 150 feet. 
44 6x c. Using a graph, after how many seconds is the 
by cannonball 150 feet above the ground? 


| F(x) = (x — 5)(—x2 + 3x — 3)} 


about —0.2. about —5.8 482 Chapter 9 Solving Quadratic Equations 


48. 


49. 50. 


about 3.4, about 0.6 about 8.3, about 0.7 
51-53. See Additional Answers. 
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54. MODELING WITH MATHEMATICS You throw a softball 57. MATHEMATICAL CONNECTIONS The table shows the 


straight up into the air with an initial vertical velocity of numbers of line segments that you can draw whose ANSWERS 
40 feet per second. The release point is 5 feet above the endpoints are chosen from x points, no three of which 54. a. 29 ft. 21 ft 
ground. The function A = —16/ + 401 + 5 represents are collinear. : 
the height / (in feet) of the softball after t seconds. = b. about 0.5 sec, about 2.3 sec 
] 
a. Find the height of the softball each second after it Nomber ay | D | 3 | Al 5 16 c. about 0.3 sec, about 2.2 sec 
is released. pe alae 4 S85 Fl = ().04x2 — 4.1x + 197; Yes 
; ; Number of line 3 > aa ‘ ‘ aoe ¥ 
b. Use the results of part (a) to estimate when the segments, y | the graph of the equation passes 
height of the softball is 15 feet. ‘ through or is close to all of the 
oS 
c. Using a graph, after how many seconds is the a. Copy.and complete the table. Use diagrams to data points. 
softball 15 feet above the ground? support your answers. ‘ 
a f : b. about 24.8 min 
M b. Use a graphing calculator to find a quadratic . 
55. : asta ee an eee uae i model for the data. Then determine whether the c. no; The quadratic model suggests 
emperatures (in degrees Fahrenheit) of a cup of ho Predieli eteocdkitt ay 2 
chocolate over time. (See Example 7.) i eS Lene e Ne I Wes 
- c. Predict the number of line segments that you can 56. a. y = 88.33x2 — 2332.3x + 
7 draw whose endpoints are chosen from 9 points. : 
Ti ; Tenpemeeeg 2 P 18,762; Yes, the graph of the 
(CUES ae ~ d. How many points are chosen when you can equation passes through or is 
0 200 draw 66 line segments? Explain how you found close to all of the data points 
10 157 your answer, : 
ao b. about 4.5 years 
58. MODELING WITH MATHEMATICS The table shows the c. no; The quadratic model suggests 
30 109 numbers of cellular telephone sites (in thousands) in per 
40 99 the U.S. for selected years from 1990 to 2012. that the value will increase. 
6 oy | 57. a. 6; 10; 15; Check students’ work. 
60 90 venr te aiies b. y = 0.5x? — 0.5x; Yes, the graph 
: Whgnsares) of the equation passes through all 
a. Use a graphing calculator to find a quadratic ce sve of the data points. 
model for the data. Then determine whether the 1996 30.0 c. 36 
model is a good fit. 2000 1043 ‘ ; 
; ; ; : | d. 12; Set the equation from part (b) 
b. After how many minutes is the temperature of the 2004 | 175.7 i : ; 
hot chocolate 120°F? Round your answer to the s é equal to 66. Write the equation 
nearest tenth. ‘ 2008 242.1 in standard form and graph the 
c. Should you use the quadratic model you found 2012 301.8 equation. Find the zeros for x > 0. 
in part (a) to predict the temperature of the hot —— 58. a. linear: y = 15.5x — 42, 
: 5 ' : 
chocolate after 60 minutes? Explain. quadratic: y= O12 = like = 
56. MODELING WITH MATHEMATICS The table shows the 23, no, Both models pass through 
values (in dollars) of a car over time. or are close to all of the data 
: = points. 
Age (years, 0 | 3 6 9 12 ; : 
| ge (y Mey | | | e b. linear: 2005, quadratic: 2005; 
| Value (dollars) 18,900 | IA, 2S) | TAT, | 5178 3363 a. Use a graphing calculator to find a linear model yes; The inodels are very similar 
and a quadratic model for the data. Let x = 0 from 1992 to about 2010 
a. Use a graphing calculator to find a quadratic represent 1990. Is either model a better fit for the , : ; 
model for the data. Then determine whether the data? Explain. c. linear: 2024, quadratic: 2020; 


model is a good fit. no; The quadratic model begins to 


b. Use each model in part (a) to determine in what 


b. After how many years is the value of the car year the number of cellular sites reached 200,000. increase faster as time goes on. 
$10,000? Round your answer to the nearest tenth. Do you get the same result? Justify your answer. 

c. Should you use the quadratic model you found in c. Use each model in part (a) to predict in what year 
part (a) to predict the value of the car after it is the number of cellular sites will reach 500,000. 
12 years old? Explain your reasoning. Do you get the same result? Justify your answer. 
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Section 9.2 483 


ANSWERS | 
59. about 3.7 ft 


60. about 6.2 m 


61. Graph the function to determine 
which integers the solutions are 
between. Then make tables using 
x-values between the integers with 
an interval of 0.1. Look for a change 
of sign in the function values, then 
select the value closest to zero. 


62. a. 2; The graphs intersect in 
two places. 
b. The x-intercepts are 1 and —4. 
63. Sample answer: Method 1; Only one 
graph needs to be drawn. 
64. infinitely many; Sample answer: 
65. about 24.1 ft 
66. yes; When x = 57, y = 26.313. 
67. sometimes; y = —2x* + | has two 


x-intercepts, but y = —2x2 + (~1) 


has no x-intercepts. 
68-77. See Additional Answers. 


Wy =x? + 4x —5 


x=-5andx =1 


2. Use the graph to find the zeros of 
f(x) = (x — 2)(x2 + 3x + 2). 


(Fox) = (x — 2)x2 + 3x + 2) 


The zeros are —2, —1, and 2. 
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ff students need help... 


Resources by Chapter 


MATHEMATICAL CONNECTIONS In Exercises 59 and 60, 
use the given surface area S of the cylinder to find the 
radius r to the nearest tenth. 


By), 


61. 


62. 


63. 


64. 


484 


S= 225 ft? 60. S= 750m? 


= Lt 


WRITING Explain how to approximate zeros of a 
function when the zeros are not integers. 


HOW DO YOU SEE IT? Consider the graph shown. 


a. How many solutions does the quadratic equation 
x? = —3x + 4 have? Explain. 


b. Without graphing, describe what you know about 
the sraphlof y— x + 3x4) 


COMPARING METHODS Example 3 shows two 
methods for solving a quadratic equation. Which 
method do you prefer? Explain your reasoning. 


THOUGHT PROVOKING How many different 
parabolas have 2 and 2 as x-intercepts? Sketch 
examples of parabolas that have these two 
x-intercepts. 


function, or neither. Explain. (Section 6.4) 


72. 1 | 
ee 


y = 
Simplify the expression. 


I 
| 0 


} 
ay 8 | 3 


T 
a 
2 12 


(Section 9.1) 


Lae 
2B 


V3 V6x 


Chapter 9 


© Practice A and Practice B 
e Puzzle Time 


ues a 0 i | 2 | 3 
Ly | 2D 8 32 | 128 

76. = i 
Bae VE Wa= 2 


Solving Quadratic Equations 


65. 


66. 


MODELING WITH MATHEMATICS ‘To keep water off a 
road, the surface of the road is shaped like a parabola. 
A cross section of the road is shown in the diagram. 
The surface of the road can be modeled by 

y = —0.0017.x* + 0.041x, where x and y are measured 
in feet. Find the width of the road to the nearest tenth 
of a foot. 


MAKING AN ARGUMENT A stream of water from a fire 
hose can be modeled by y = —0.003x? + 0.58x + 3, 
where x and y are measured in feet. A firefighter 

is standing 57 feet from a building and is holding 

the hose 3 feet above the ground. The bottom of a 
window of the building is 26 feet above the ground. 
Your friend claims the stream of water will pass 
through the window. Is your friend correct? Explain. 


REASONING In Exercises 67-69, determine whether the 
statement is always, sometinies, or uever true. Justify 
your answer. 


67. 


68. 


69. 


70. 


71. 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Determine whether the table represents an exponential growth function, an exponeutial decay 


The graph of y = ax? + c has two x-intercepts when 
a@ is negative. 


The graph of y = ax* + c has no x-intercepts when 
a and c have the same sign. 


The graph of y = ax? + bx + c has more than two 
x-intercepts when a # 0. 


WRITING You want to find a model for a set of data. 
How do you determine whether to perform linear 
regression or quadratic regression on the set of data? 


REASONING Show how you can use a system of 
equations to solve the problem in Example 7(b). 


Resources by Chapter 
e Enrichment and Extension 
© Cumulative Review 


Student Journal 


e Practice 


Differentiating the Lesson 


Start the next Section 


Skills Review Handbook 


TEXAS ESSENTIAL 
KNOWLEDGE AND SKILLS 
A8.A 


USING PRECISE 
MATHEMATICAL 
LANGUAGE 


To be proficient in math, 
you need to calculate 
accurately and express 
numerical answers with 
a level of precision 
appropriate for the 
problem's context. 


Solving Quadratic Equations 


Using Square Roots 


Essential Question How can you determine the number of 


solutions of a quadratic equation of the form ax? + ¢ = 0? 


WSC )keL INGO = The Number of Solutions of ax2 + c= 0 


Work with a partner. Solve each equatian by graphing. Explain how the number 
of solutions of ax? + c = 0 relates to the graph of y = ax? + c. 


a x27-4=0 b. 2x7 +5 =0 
ce. 22=0 d. x27-5=0 


FSV ee Estimating Solutions 


Work with a partner. Complete each table. Use the completed tables to 
estimate the solutions of x? — 5 = 0. Explain your reasoning. 


a. x x2—5 b x x2 - 5 

D)| 22) \ 

222 PL up) | 
=f =} if 

DP) ae 
oe t — 

2.24 =2.24 
Ne es 

[ 225 SS 
PEARS BING) | 


EXPLORATION 3 Using Technology to Estimate Solutions 


Work with a partner. Two equations are equivalent when they have the 
same solutions. 


a. Are the equations x? — 5 = 0 and x? = 5 equivalent? Explain your reasoning. 


b. Use the square root key on a calculator to estimate the solutions of x? — 5 = 0. 
Describe the accuracy of your estimates in Exploration 2. 


c. Write the exact solutions of x? — 5 = 0. 


Communicate Your Answer 


4. How can you determine the number of solutions of a quadratic equation of 
the form ax? + c = 0? 


5. Write the exact solutions of each equation. Then use a calculator to estimate 
the solutions. 


Rh 22 = 2= 0) 
I, = I = 10) 
G = 
Section 9.3 Solving Quadratic Equations Using Square Roots 485 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Lesson Planning Tool 


igi pdnsoacaits Ney acliibe its 


Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.8.A The student is expected to solve 
quadratic equations having real solutions 
by factoring, taking square roots, 


completing the square, and applying the 
quadratic formula. 


ANSWERS 
I, fh R= Ae S —2 

b. no solution 

« x=0 

d. x ~ 2.2, x = —2.2; The number 
of solutions is equal to the 
number of x-intercepts in the 
related graph. 


2 Ge SONS, —O0G, —O0271, 
0.0176, 0.0625, 0.1076 


b. —0.1159, —0.0716, —0.0271, 
0.0176, 0.0625, 0.1076 


x = 2.24, x = —2.24; The value 
0.0176 is closest to 0. 


3. a. yes; Adding 5 to each side of 
c= 5 = Omgness2 = 5, 

b. x ~ 2.236, x ~ —2.236; The 
estimates in Exploration 2 were 
accurate to the hundredths place. 

& b= GS aS 

4. Graph the related equation 

y = ax’ + c. The number of solutions 

will be the same as the number of 

x-intercepts. 


S27 as pa 0 De ge = Al, 
x= —-1.41 

b. x=V6,x=- 6; x = 2.45, 
x= —2.45 

Cue = V8 oe ge 
x = —2.83 
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Extra Example 1 


a. Solve 2x? — 32 = 0 using square roots. 


The solutions arex = 4 andx = —4. 


b. Solve x* — 8 = —8 using square roots. 


The only solution is x = 0, 

c. Solve —2x* + 3 = 27 using square 
roots. The equation has no real 
solutions. 


486 Chapter 9 


What You Will Learn 
Pm Solve quadratic equations using square roots. 


C . l > Approximate the solutions of quadratic equations. 


Previous Solving Quadratic Equations Using Square Roots 
square root 


zero of a function 


of each side. 


G) Core Concept 


Solutions of x? = d 


¢ When d > 0, x2 = d has two real solutions, x = +Va. 


¢ When d = 0, x? = d has one real solution, x = 0. 


ANOTHER WAY 


You can also solve 
3x? — 27 = 0 by factoring. 


* When d < 0, x? = dhas no real solutions. 


3(x2 — 9) = 0 EXAMPLE 1 Solving Quadratic Equations Using Square Roots 
3(x — 3)(x + 3) = 0 
Se 3) OY LoS 8) 


a. Solve 3x? — 27 = 0 using square roots. 


3x? — 27 =0 Write the equation. 
3x2 = 27 Add 27 to each side. 
r=9 Divide each side by 3. 
x= +V9 Take the square root of each side. 
x= 43 Simplify. 


> The solutions are x = 3 and x = —3. 


b. Solve x? — 10 = —10 using square roots. 
se = 10 = — 110) Write the equation. 
x= 0 Add 10 to each side. 
x=0 Take the square root of each side. 


> The only solution is x = 0. 


c. Solve —5x* + 11 = 16 using square roots. 


Sse ab wl = We Write the equation. 
—572=5 Subtract 11 from each side. 
2 = il Divide each side by —5. 


> The square of a real number cannot be negative. So, the equation has no 
real solutions. 


486 Chapter 9 Solving Quadratic Equations 


For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigildeasMath.com. 


SUPPORTING English Language Learners 


Ask students to read independently What You Will Learn, the first paragraph of Solving Quadratic 


Equations Using Square Roots, and the Core Concept. Have them take notes and share what they 
understand. 


Beginning Use simple phrases to share what they understand. 
Intermediate Use simple sentences to share what they understand. 
Advanced/Advanced High Use complex sentences to share what they understand. 


ELPS 4.G.4 Demonstrate comprehension of increasingly complex English by taking notes 
commensurate with content area and grade level needs. 


Earlier in this chapter, you studied properties of square roots. Now you will use 
square roots to solve quadratic equations of the form ax? + c = 0. First isolate x? 
on one side of the equation to obtain x? = d. Then solve by taking the square root 


STUDY TIP Solving a Quadratic Equation Using Square Roots Extra Example 2 


fe a See Solve (x — 1)? = 25 using square roots. Solve (x — 3)? = 16 using square roots. 
Semele tll sive Be SOLUTION The solutions are x = 7 and x = —1. 
aeele SgMElsS 75138 Git C1 a5) Write the equation. 
a x-1=25 Take the square root of each side. Extra Example 3 

res NG aeeci Gite. Solve 2x? + 10 = 32 using square roots. 


Round the solutions to the nearest 
hundredth. The solutions are x = —3.32 
and x = 3,32. 


P So, the solutions arex = 1 + 5 = 6,andx = 1—-—5= —4, 


| MONITORING PROGRESS 
| ANSWERS 

Ik, = 5,3) = = 

2. no real solutions 


wee 4. x=-7 
Monitoring Progress @) Help in English and Spanish at BigideasMath.com ee ee 

Solve the equation using square roots. 6 ; : 7 

5 of = So — 

_ = Dh ee 2. re} = 2 ——o 2 2 
1 3x is) x*+12=10 3. 4x 15S 15 Te ee 8D 
a, (Gear BE SO 5. 44 — 3 =9 6. (2x + 1)? = 36 ry eno neey eS 
OL 5S SST eS = B37 


Approximating Solutions of Quadratic Equations 


PONV ieee Approximating Solutions of a Quadratic Equation 


Solve 4x? — 13 = 15 using square roots. Round the solutions to the nearest hundredth, 


SOLUTION 
aye — js) = is) Write the equation. 
4x? = 28 Add 13 to each side. 
x=7 Divide each side by 4. 
eS wy Take the square root of each side. 
x = £2.65 Use a calculator. 


> The solutions are x ~ —2.65 and x ~ 2.65. 


intersectioi 


Monitoring Progress ) Help in English and Spanish at BigideasMath.com 


Solve the equation using square roots. Round your solutions to the nearest 
hundredth, 


i, 22 8 = 16 8. 5x2-2=0 @, b= 20S 
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English Lanquage Learners 


Pair Activity 
Pair an English learner with an English speaker. One student solves a quadratic equation using 
square roots. The other student solves the same equation using a graphing calculator. Partners 
compare solutions and then take turns explaining their solutions to one another. Students should 
repeat the activity with a different quadratic equation and should swap solution methods. 
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Extra Example 4 
A cardboard box has the shape of a 


rectangular prism. Its height is 10 inches. 


Its length is three times its width. The 
volume is 540 cubic inches. Find the 
length and width of the box. 

width: V18 ~ 4.2 inches; 

length: 3V 18 ~ 12.7 inches 


Extra Example 5 

The volume V of a cylinder with radius r 
and height A is given by the formula 

V = arh. Solve the formula for r. Then 
find the radius of a cylinder with a 
height of 15 centimeters and a volume 
of 750 cubic centimeters. 


a ve about 4 centimeters 
T 


MONITORING PROGRESS 


ANSWERS 


10. width: about 5.9 ft, length: about 
avant 


11. r=, oF about 8 in. 
4a 


EXPLAINING 
MATHEMATICAL 
IDEAS 


Use the positive square 
root because negative 
solutions do not make 
sense in this context. 
Length and width 
cannot be negative. 


ANOTHER WAY 


Notice that you can 
rewrite the formula as 


2 ae s lan 
= Biv. ors = 1.52VA, 


3 
This can help you 
efficiently find the value 


of s for various values 


| of A. ] 
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“EXAMPLE 4 Solving a Real-Life Problem 


A touch tank has a height of 3 feet. Its length 
is three times its width. The volume of the tank 
is 270 cubic feet. Find the length and width 

of the tank. 


SOLUTION 


The length £ is three times the width w, so 2 = 3w. Write an equation using the 
formula for the volume of a rectangular prism. 


V=Lwh Write the formula. 
270 = 3w(w)(3) Substitute 270 for V, 3w for Z, and 3 for h. 


270 = 9w2 Multiply. 
30 = Ww? Divide each side by 9. 
+V30 = w Take the square root of each side. 


The solutions are V30 and —V30. Use the positive solution. = 


P So, the width is V30 ~ 5.5 feet and the length is 3V30 ~ 16.4 feet. 


‘EXAMPLE 5 Rearranging and Evaluating a Formula 


The area A of an equilateral triangle with side length s is 


given by the formula A = Be. Solve the formula for s. 


Then approximate the side length of the traffic sign that 
has an area of 390 square inches. 


SOLUTION 
Step 1 Solve the formula for s. 
= V3.2 Write the formula. 
eal = 5? Multiply each side by Be 
We V3 
aa 
a4 = 9 Take the positive square root of each side. 
Vv3 


Step 2 Substitute 390 for A in the new formula and evaluate. 


(2 4(390) 1560 
s= = = = 30 
vz Vw VB 


> The side length of the traffic sign is about 30 inches. 


Use a calculator. 


Monitoring Progress a) Help in English and Spanish at BigideasMath.com 


10. WHAT IF? In Example 4, the volume of the tank is radius, r 


315 cubic feet. Find the length and width of the tank. 


41. The surface area S of a sphere with radius r is given 
by the formula S = 47r?. Solve the formula for r. 
Then find the radius of a globe with a surface area 
of 804 square inches. 


Solving Quadratic Equations 


Closure 


e Exit Ticket: State the number of solutions for each equation. 


a. 2x*+8=40 2 b. 2x*-8 = —40 0 c. 2x7=0 1 
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9.3 Exercises 


Vocabulary and Core Concept Check 


Dynamic Solutions available at BigideasMath.com 


1. COMPLETE THE SENTENCE The equation x? = d has real solutions when d > 0. 


2. DIFFERENT WORDS, SAME QUESTION Which is different? Find “both” answers. 


Solve x? = 144 using square roots. 


Solve x? + 146 = 2 using square roots. 


ae 


Solve x? — 144 = 0 using square roots. 


Solve x? + 2 = 146 using square roots. 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, determine the number of real 
solutions of the equation. Then solve the equation using 
square roots. 


Sh 3 = OS 4. x? = —36 
5 6 = il 6a — 00) 
I 2 =O) 8. x2 = 169 


In Exercises 9-18, solve the equation using square roots. 
(See Example 1.} 


toe = =O 10. x7 +6=0 
11. 3x4 + 12=0 (Py, 32> 55 = 26 
13. 2x2— 98 =0 14. —2+9=9 
1S, =82=5 = =9 16. 4x? — 371 = 29 


17. 4x2+10=11 18. 9x* -— 35 = 14 


In Exercises 19-24, solve the equation using square 
roots. (See Example 2.) 


19. (x+3)*=0 20. @—1)?=4 


x, Cae =e 22. (4x +5)? =9 


23. 9(x + 1)? = 16 24. 4(x — 2)* = 25 


In Exercises 25-30, solve the equation using square 
roots. Round your solutions to the nearest hundredth. 
(See Example 3.) 


25. x2°+6=13 26. x2+ 11 = 24 


27) 2x2 —9'= 11 ah, See se 2 = & 


Section 9.3 


33. about 1.2 sec 


A, =D = 15 = Be 30. 2=4x7-5 


31. ERROR ANALYSIS Describe and correct the error in 
solving the equation 2x2 — 33 = 39 using square roots. 


x 2x2 —- 33 = 39 
2x2 = 72 
x2 = 3G 


x=6 
> The solutionisx= 6, 


32. MODELING WITH MATHEMATICS An in-ground 
pond has the shape of a rectangular prism. The 
pond has a depth of 24 inches and a volume of 
72,000 cubic inches. The length of the pond is 
two times its width. Find the length and width of 
the pond. (See Example 4.) 


33. MODELING WITH MATHEMATICS A person sitting 
in the top row of the bleachers at a sporting event 
drops a pair of sunglasses from a height of 24 feet. 
The function h = — 16x? + 24 represents the height h 
(in feet) of the sunglasses after x seconds, How long 
does it take the sunglasses to hit the ground? 
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Assignment Guide and 


Homework Check - 


ASSIGNMENT 


Basic: 1, 2, 3-33 odd, 34, 36, 40, 
45-50 


Average: 1, 2-30 even, 31-36, 40, 
45-50 


Advanced: 1, 2, 6, 16—30 even, 31, 
32-36 even, 37-50 


HOMEWORK CHECK 
Basic: 9, 19, 25, 33, 36 


Average: 10, 20, 26, 32, 36 
Advanced: 16, 22, 28, 32, 36 


ANSWERS 


1. two 

2. Solve x? + 146 = 2 using 
square roots; no real solutions; 
ES i= =i) 

oh Dei = 5, 0 = —5 

4. 0; no real solutions 

5. 0; no real solutions 

6. 2;x = 20,x = —20 

ie ese (0) 

bh, eee = 13a = 13 

Y. f= a= =a 

10. no real solutions 

11. no real solutions 

12. x=9,x=~-9 

13. x=7,x=—-7 


14. x= 

15. x=0 

16. x= 10,x = —10 

17 x=5,x= > 

18. x=hx=-} 

1D, = =—3 

20 — ol 

21. x=5,x = —-4 

22. = ee ee 
mo 

23. ba 

24. x=3n0=-5 


Us, 1 FS DGS), 56 AS — DIES 

205% —= 3.0lee— — 3 6 

UY 3S Doll, 2 = = BNC 

28. x ~ 0.89, x = —0.89 

29, x = 4.24, x =~ —4.24 

SU, a5 130 ses — 118) 

31. The number 36 has both a positive 
and negative square root; x = +6 

32. length: about 77.5 in., 
width: about 38.7 in. 
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34. MAKING AN ARGUMENT Your friend says that the 39. REASONING Without graphing, where do the graphs 
solution of the equation x? + 4 = 0 is x = 0. Your of y = x* and y = 9 intersect? Explain. 
cousin says that the equation has no real solutions. 
Who is correct? Explain your reasoning. 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool | 2 40. HOW DO YOU SEE IT? The graph represents the 


3S. MODELING WITH MATHEMATICS The design of a function f(x) = (x — 1)’, How many solutions does 
square rug for your living room is shown. You want the equation (x — 1)? = 0 have? Explain. 
the area of the inner square to be 25% of the total area 
of the rug. Find the side length x of the inner square. 


Interactive Whiteboard Lesson Library... .. 


sig She nes 
deep Speke alt 


Dynamic Classroom with Dynamic investigations 


ANSWERS 
34. your cousin; Subtracting 4 from each 
side of the equation gives x2 = —4, 


and a negative number has no real 
square roots. 


26 Sik — - ane 
_ [A ae 
36. a r= \= 41. REASONING Solve x2 = 1.44 without using a 
qT i : 
36. MATHEMATICAL CONNECTIONS The area A of a calculator, Explain yourseasonine 
b. about 6 ft; about 24 in., circle with radius ris given by the formula A = ar. 
about 13 m (See Example 5.) 42. THOUGHT PROVOKING The quadratic equation 
c. The steps for solving only need to a. Solve the formula for r. a+ bxet+c=0 
be completed once. b. Use the formula from part (a) to find the radius of can be rewritten in the following form. 


37. Sample answer: Use a calculator. ae noe ( 2 Bae — bP = 4ac 


oe: Be =o 
38-50. See Additional Answers. = 4a 
Use this form to write the solutions Orie the © equal ; 

43. REASONING An equation of the graph shown is 


= 113 ft? = 1810 in.2 = 531 m2 r= 5x — 2)? + 1. Two points on the parabola 
Mini-Assessment have y-coordinates of 9. Find the x-coordinates of 
: ¢c. Explain why it is beneficial to solve the formula these points. 


Solve the equation using square roots. fOr peter area asia 


. 3x2 — 108 = 0 x = Gandx 37. WRITING How can you approximate the roots of a 
quadratic equation when the roots are not integers? 
. x — 5)? = 81 x = 14andx 
2 . 38. WRITING Given the equation ax? + c = 0, describe 
. Solve 4x* — 3 = 17 using square the values of a and ¢ so the equation has the following 
roots. Round the solutions to the SOE OUST, 
nearest hundredth. x = —2.24 a. two real solutions 
and x = 2.24 b. one real solution 


¢. no real solutions 


44, CRITICAL THINKING Solve each equation without 
graphing. 
B, of = Weck 36 = 
. Astorage container has the shape b. x2 + 14x + 49 = 16 
of a rectangular prism. Its height 
is 6 feet. Its length is two times 
its width. The volume is 288 cubic 
feet. Find the length and width of 


the container. 


Maintain ing Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Factor the polynomial. (Section 7.8) 
45. x2 + 8x + 16 AGW te GG, 32 = jebe ck ag 


AES, sae ise sp bil 49, x?+ 12x + 36 SO, 3 = gare se Ii 
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if students need help... If students got it... 


width: V24 ~ 4.9 feet; 
length: 2V24 ~ 9.8 feet 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B / @ Enrichment and Extension 
e Puzzle Time e Cumulative Review 


= 


. The surface area S$ of a cube 
with side length a is given by the 
formula § = 6a2. Solve the formula 
for a. Then find the side length 
of a cube with a surface area of 
700 square inches. 


Student Journal 


5 Start the next Section 
e Practice 


{—— 


Differentiating the Lesson 
Skills Review Handbook 


_®. 
a= VE about 11 inches 
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9.1-9.3 What Did You Learn? 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Core Vocabulary Interactive Whiteboard Lesson Library 
counterexample, p. 465 conjugates, p. 468 ___ Dynamic Classroom with Dynamic Investigations 
radical expression, p. 466 like radicals, p. 470 
simplest form, p. 466 quadratic equation, p. 476 
rationalizing the denominator, p. 468 
= ANSWERS 
os pce 1. part (c) examples: V3 + V3 = 2V3, 


V3 + 7 = a+ V3, 
Core Concepts ~V3 + (-V3) = -2v3, 


Section 9.1 f 8 pa 
Product Property of Square Roots, p. 466 Rationalizing the Denominator, p. 468 | Of if = Dae 
Quotient Property of Square Roots, p. 466 Performing Operations with Radicals, p. 470 part (c) counterexample: 
Section 9.2 “a= (-v3) = 0, 
Solving Quadratic Equations by Graphing, p. 476 Finding Zeros of Functions, p. 478 part (f) examples: V3 2 = mV3, 
Number of Solutions of a Quadratic Equation, p. 477 2/3) oPRp= Sc mV3, TeT= 7, 
Section 9.3 part (f) counterexamples: 
Solutions of x2 = d, p. 486 V3 63 = 3, V3 .(—V3)i= —3, 
Approximating Solutions of Quadratic Equations, p. 487 = V3 : e V3) a 
Sa 2. Example 6 on page 493 or Example 5 
| on page 492 
Mathematical Thinking 3. Solving the simpler equation 


x? = 144 helps because the solution 
can be found by moving the decimal 
point in the solution to the simpler 
equation. 


1. For each part of Exercise 100 on page 474 that is sometimes true, list all examples and 
counterexamples from the table that represent the sum or product being described. 


2. Which Examples can you use to help you solve Exercise 54 on page 483? 


3. Describe how solving a simpler equation can help you solve the equation in Exercise 41 
on page 490. 


ee es erg oe Suey Sh er, 
Keeping a = 
Positive Attitude [ae 


Do you ever feel frustrated or overwhelmed by math? —— 


You're not alone. Just take a deep breath and assess the 
situation. Try to find a productive study environment, 
review your notes and the examples in the textbook, and 
ask your teacher or friends for help. 
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ANSWERS 
1. 4xV7x 
ee 
3 
a5 5 
i 3V2 
" » 
5 4V 11 
iil 
6 12V 13 
: 13 
7 3xV se 
. 2 
Ty 
8 say Hz 
i Ue 
pee 
: Mi 
10. —4V5 + 7V10 
11. —10V2 - 5V10 
12,3012 
Ibs 2= —Ilha = 3 
14. no real solutions 
15. x=—5 
16. x= —-7,x= -2 
17. x=8x=—1 
18. no real solutions 
2, se= ae = Sa 
20. no real solutions 
21. x=9,x=7 
22. Because 100 > 0, the equation has 
two real solutions. 
23. length: about 17.4 m, 
width: about 4.4 m 
24. a. 0.5 sec, 1 sec 
b. about 1.65 sec 
492 Chapter 9 


9.1-9.3 Quiz 


Simplify the expression. (Sectivr 9./) 


1. ViI23 2. ee 3, V—625 

5 4 g. (144 4[ 54x4 

aon ie 343y6 

sae (oes V0 —3y20 44) ee 
Ha V8 V8 — V10 


Use the graph to solve the equation. (Seciion 9.2) 
(E, = De= FSC 14. x?-—2x+3=0 


aN 
= x2- 2x +3 


CA eis 


Solve the equation by graphing. (Section 9.2) 
16. x2+9x+14=0 17, x27 - 7x = 8 


Solve the equation using square roots. (Section 9.3) 


19. 4x2 = 64 20s oe O10) 


po 
V32 
4x2 
8. 
\28y425 


12. V6(7Vi2 — 4v3) 


15. x2 + 10x + 25=0 


SB GHA = 2 
+t a 4 


[y= 10x + 25 -2 


18. x+4=-x2 


21. (x- 8 =1 


22. Explain how to determine the number of real solutions of x? = 100 without solving. 


(Section 9,3) 


23. The length of a rectangular prism is four times its width. The volume of 
the prism is 380 cubic meters. Find the length and width of the prism. 
(Section 9.3) 


) CARD G | 
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— 


24, You cast a fishing lure into the water from a height of 4 feet 
above the water. The height / (in feet) of the fishing lure after 
t seconds can be modeled by the equation h = —167° + 24 + 4. 
(Section 9.2) 


a. After how many seconds does the fishing lure reach a height 
of 12 feet? 


b. After how many seconds does the fishing lure hit the water? 


Solving Quadratic Equations 


Solving Quadratic Equations by 


Dynamic Teaching Tools 


Completing the Square 


Dynamic Assessment & Progress Monitoring Too! 


Essential Question How can you use “completing the square” to 


TEXAS ESSENTIAL solve a quadratic equation? 
KNOWLEDGE AND SKILLS 


A8.A — 
Fhe NOE Solving by Completing the Square 


Work with a partner. tag 


Lesson Planning Tool 


Interactive Whiteboard Lesson Library - 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 

Knowledge and Skills 
A.8.A The student is expected to solve 
quadratic equations having real solutions 
by factoring, taking square roots, 


completing the square, and applying the 
quadratic formula. 


a. Write the equation modeled 
by the algebra tiles. This is 
the equation to be solved. 


b. Four algebra tiles are added to 
the left side to “complete the 
square.’ Why are four algebra 
tiles also added to the right side? 


ANSWERS 
Jl. a. 2° +4x = -2 


b. To be equivalent equations, the 
same number must be added to 


J i i 
c. Use algebra tiles to label the each side. 


dimensions of the square on 


the left side and simplify on c. 
USING the right side. 
PROBLEM-SOLVING d. Write the equation modeled by 
STRATEGIES the algebra tiles so that the left 
. ; side is the square of a binomial. 
To be proficient in math, Solve the equation using square roots. 
you need to explain to 5) — 4 * 
yourself the meaning of a g . ' ; 
problem. After that, you 2 Gabel eile) Solving by Completing the Square GL (iar DY = Bae = 1050. 
eee My look ve ny Work with a partner. x~ 3.4] 
points to its solution. > 
a. Write the equation modeled 2, a x + S =a 3 
by the algebra tiles. b. +h + 
b. Use algebra tiles to ‘complete —] oO 
the square.” — — | — | 
¢. Write the solutions of the equation. 8 = HH 
4) =: 4) 4) 4) 
d. Check each solution in the +I #3) +4) +) oy) ES) 
original equation. ; = ese 
1 HH) 4) 
Communicate Your Answer coe ln 5 
3. How can you use “completing the square” to solve a quadratic equation? de)? (=I) = sy 


(= 66) == 


4. Solve each quadratic equation by completing the square. i 
3. Write the equation in the form 


A, Bo = Die = jl b. a7 — 4x = -1 Ge ae ap ale = 3} 


b\? : 
2) a a 
Section 9.4 Solving Quadratic Equations by Completing the Square 493 x + bx = d. Add (2) to each side 


of the equation. Factor the resulting 

expression on the left side as the 

square of a binomial. Solve the 

resulting equation using square roots. 
4. a. x~24).x1= —041 

b. x © 3.73, x = 0.27 


ec x=—lx=-3 


For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 
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Extra Example 1 


Complete the square for each expression. 


Then factor the trinomial. 
a. x2 + 18x x2 + 18x + 81: (x + 9)2 


b. x2 — 17x x2 — 17x + =: lc aie 
MONITORING PROGRESS 
ANSWERS 

1. x2 + 10x + 25; (x + 5)? 

B, 3 = Aye <b dle Ge = DY 


By ae ab The 2 («x ay 
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9.4 Lesson What You Will Learn 


}» Complete the square for expressions of the form x2 + bx. 
& Solve quadratic equations by completing the square. 
Core Vocabulary . » Find and use maximum and minimum values. 
| completing the square, p. 494 > Solve real-life problems by completing the square. 
Previous 
perfect square trinomial Completing the Square 
coefficient 


: For an expression of the form x? + bx, you can add a constant c to the psetoriae 
maximum value . . 


so that x? + bx + c is a perfect square trinomial. This process is called comp 


minimum value 
the square. 


vertex form of a quadratic 


aes @ Core Concept 


Completing the Square 


Words ‘To complete the square for an expression of the form x? + bx, follow 
these steps. 


Step 1 Find one-half of 5, the coefficient of x. 
Step 2 Square the result from Step 1. 


JUSTIFYING 
Ser 


In each diagram below, 
the combined area of the 


Step 3 Add the result from Step 2 to x? + bx. 


Factor the resulting expression as the square of a binomial. 


2 2 
Algebra x? + bx + (2) = [x 4 by 


shaded regions is x2 + bx. 2 
3 i 
Adding (2) completes 
iieeanareinther saad PON eae Completing the Square 
diagram. : : : 
Complete the square for each expression. Then factor the trinomial. 
x B a. x2 + 6x b. x2 — 9x 
1 
x x2 bx SOLUTION 
: a. Step 1 Find one-half of d. 2 = ‘ =3 
I 
| 
I Step 2 Square the result from Step 1. 3=9 
1 \ 
Seams 7 Step 3 Add the result from Step 2 to x? + bx. Be ae Gag ar ©) 
RP et 6x t+ 9=—~+ 3) 
Basico i) Ficdone baleeres 8 = 3 
=o el 
Step 2 Square the result from Step 1. 2) sis 
Step 3 Add the result from Step 2 to x? + bx. 52 = Oy se a 


2 
> 9x4 Sl (,—9) 
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Complete the square for the expression. Then factor the trinomial. 


{ls a 4b TkCke 2. x? — 4x 3. x2 + 7x 
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For classroom suggestions on teaching this lesson, see Laurie’s Notes 
at BigldeasMath.com. 


SUPPORTING English | Language Learners 


As you present the material on page 494, ask ment to write down cca hen understand ue 
reading along. This should include the objectives from What You Will Learn and the main ideas from 
_ the topic Completing the Square. Have them share what they understand. 


Beginning Use simple phrases to share what they understand. 
Intermediate Use simple sentences to share what they understand. 
Advanced/Advanced High Use complex sentences to share what they understand. 


ELPS 2.1.5 Demonstrate listening comprehension of increasingly complex spoken English by taking 
notes commensurate with content and grade-level needs. 


COMMON ERROR 


When completing the 

square to solve an 

equation, be sure to add 
2 

(2) to each side of the 

equation. 


COMMON ERROR 


Before you complete the 
square, be sure that the 
coefficient of the x2-term 
is 1. 


Section 9.4 


Solving Quadratic Equations by Completing 
the Square 


The method of completing the square can be used to solve any quadratic equation. To 
solve a quadratic i by completing the square, you must write the equation in 
the form x? + bx = 


gy Solving a Quadratic Equation: x? + bx = d 


Solve x? — 16x = —15 by completing the square. 


we 


SOLUTION 
— l6x = -15 Write the equation. 


Complete the square by adding ie a 


= —gyr = - = 8)" 
16x + (—8) 15 + (~8) or (—8)2, to each side. 


(x — 8)? = 49 Write the left side as the square of a binomial, 
2 et Take the square root of each side. 
x=827 Add 8 to each side. 


> The solutions arex = 8 +7 = 15 andx=8—-7= 1, 


al | 7 | pees 4 
ss ck Pre iti An | in p my, 
a ~ 16x suey Vy Original equation we 16 = -15 ' 


Lis = -16(15) en Substit ie wel ot) = -15 
. ai rine oe ee 
eS so soa seis 


' EXAMPLE Em Solving a Quadratic Equation: ax2 + bx + c=0 


Solve 2x? + 20x — 8 = 0 by completing the square, 


SOLUTION 
2x* + 20x —-8 =0 Write the equation, 
Oye ab Dike Add 8 to each side. 
ge Ne = al Divide each side by 2. 


Complete the square by adding (e a 


2+ 10x + 52=4+4 52 
z De : or 54, to each side. 


(Gear SP = BD Write the left side as the square of a binomial. 
x+5 = +V29 
x= —-5+V29 


> The solutions are x = —5 + V29 = 0,39 andx = —5 — V29 = — Koes). 


Take the square root of each side. 


Subtract 5 from each side. 
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Solve the equation by completing the square. Round your solutions to the nearest 


hundredth, if necessary. 
A. 0 = De = 


5.724 12m = —8 Grses 24e 27 — 0) 
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Differentiated Instruction 


Inclusion 


Have advanced students work in pairs to write and solve equations like those in Examples 2 and 3. 
Each student should write an equation, exchange equations with his or her partner, and solve the 


equation. After solving, students should exchange equations again and check the solutions. 


Extra Example 2 

Solve x? — 18x = —17 by completing 
the square. 

The solutions are x = 9 + 8 = 17 and 
De ete Be 


Extra Example 3 

Solve 2x? + 12x — 10 = 0 by completing 
the square. 

The solutions arex = —3 + \14 ~ 0.74 
and x = -3— V14 = -6.74. 


MONITORING PROGRESS 
ANSWERS 
4. x=3,x=-1 
5. m= —0.71, m = -11.29 
6. g =~ 6.65, g = 1.35 
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Finding and Using Maximum and Minimum Values 


One way to find the maximum or minimum value of a quadratic function is to write 


Extra Example 4 


Find the minimum value of the function in vertex form by completing the square. Recall that the vertex form of a 
i xe ab eye ce quadratic function is y = a(x — h)? + k, where a # 0. The vertex of the graph is (A, k). 
The function has a minimum value of —11. ; 
Finding a Minimum Value 
Extra Example 5 Find the minimum value of y = x2 + 4x — 1. 
Find the maximum value of SOLUTION 
Ve —x2 + Ax +2. Write the function in vertex form. 
The function has a maximum value of 6. y=xr+4x-1 Write the function. 
Check yar J] Sa ab abe Add 1 to each side. 

MONITORING PROGRESS ) yt1l+4=2x+4x+4 Complete the square for x2 + 4x. 
ANSWERS y+t5=x°+44+4 Simplify the left side. 

7. maximum value; 8 yt+5=(x + 2)? Write the right side as the square of a binomial. 

8. minimum value, 4 y=(x+ 2)?-5 Write in vertex form. 


9. minimum value; —3 The vertex is (—2, —5). Because a is positive (a = 1), the parabola opens up 


and the y-coordinate of the vertex is the minimum value. 


> So, the function has a minimum value of —S. 


PONV idee Finding a Maximum Value 


Find the maximum value of y = —x? + 2x + 7. 
SOLUTION 
Write the function in vertex form. 
STUDY TIP 
; ee SS Sse th a se 7 Write the function. 
Adding 1 inside the \ 
parentheses results in YS TS Se ap Pe Subtract 7 from each side. 
subtracting 1 from the right y—7 = —-(22 - 2x) Factonantece 
side of the equation. 
y—7—1= —(2 — 2x + 1) Complete the square for x? — 2x, 
y-8=-(@?- 2x41) Simplify the left side. 
P= 8 = == IP Write x2 -2x + 1 as the square of a binomial. 
VS=sie— WPS Write in vertex form. 
The vertex is (1, 8). Because a is negative (a = —1), the parabola opens down 


and the y-coordinate of the vertex is the maximum value. 


P So, the function has a maximum value of 8. 
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Determine whether the quadratic function has a maximum or minimum value. 
Then find the value. 


Th eS See = ay ak a 8. y=x24+ 12x + 40 C) VSR = 2a = 2 
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fo) = F(x + 4248 


BT a 


m(x) = (x — 3)(x — 12) 


PQ) = —(x — 2)(x — 8) 


STUDY TIP 


Adding 9 inside the 
parentheses results in 
subtracting 144 from 
the right side of the 
equation. 


dS interpreting Forms of Quadratic Functions 


Which of the functions could be represented by the graph? Explain. 


SOLUTION 


You do not know the scale of either axis. To eliminate functions, consider the 

characteristics of the graph and information provided by the form of each function. 
The graph appears to be a parabola that opens down, which means the function has 
a maximum value. The vertex of the graph is in the first quadrant. Both x-intercepts 


are positive. ce 


* The graph of fopens down because a < 0, which means f has a maximum value. 
However, the vertex (—4, 8) of the graph of fis in the second quadrant. So, the 
graph does not represent f. 


* The graph of g opens down because a < 0, which means g has a maximum 
value. The vertex (5, 9) of the graph of g is in the first quadrant. By solving 
0 = —(x — 5)? + 9, you see that the x-intercepts of the graph of g are 2 and 8. 
So, the graph could represent g. 


* The graph of m has two positive x-intercepts. However, its graph opens up because 
a > 0, which means m has a minimum value. So, the graph does not represent m. 


* The graph of p has two positive x-intercepts, and its graph opens down because 
a < 0. This means that p has a maximum value and the vertex must be in the first 
quadrant. So, the graph could represent p. 


> The graph could represent function g or function Pp. 


ON aswa Real-Life Application 


The function y = —16x? + 96x represents the height y (in feet) of a model rocket x 
seconds after it is launched. (a) Find the maximum height of the rocket. (b) Find and 
interpret the axis of symmetry. 


SOLUTION 
a. To find the maximum height, identify the maximum value of the function. 
y = — 16x? + 96x 
y = —16(x? — 6x) 
y — 144 = —1602 — 6x + 9) 
y = —16(x — 3)? + 144 


Write the function. 

Factor out —16. 

Complete the square for x? — 6x, 
Write in vertex form. 


> Because the maximum value is 144, the model rocket reaches a maximum 
height of 144 feet. 


b. The vertex is (3, 144). So, the axis of symmetry is x = 3. On the left side of x = 3, 
the height increases as time increases. On the right side of x = 3, the height 
decreases as time increases. 
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Determine whether the function could be represented by the graph in Example 6. 
Explain. 


10. h(x) = (x — 8)? + 10 Wk C9) — Abe = Sie = 210)) 
12. WHAT IF? Repeat Example 7 when the function is y = —16x2 + 128x. 
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Extra Example 6 
Which of the functions could be 
represented by the graph? Explain. 


y 


f(x) = (x -— 4)2 +9 

Oe 0S = 2)) deb 

m(x) = —1(x + 2)(x + 6) 

BS = 1% = 7) 

The graph could represent function p. 


The graph does not represent functions g 
orm because a < 0 and these graphs 
open down. 


The graph does not represent f. The graph 
of f opens up because a > 0. The vertex 
(4, 9) is in the first quadrant, so the graph 
of f does not cross the x-axis. 


The graph of p opens up because a > 0. 
It has two positive x-intercepts. So, p has 
a minimum value and could represent 
the graph. 


Extra Example 7 

The function y = —16x? + 160x 

represents the height y (in feet) of a model 

rocket x seconds after it is launched. 

a. Find the maximum height of the rocket. 
400 feet 

b. Find and interpret the axis of 
symmetry. The axis of symmetry is 
xX = 5. On the left side of x = 5, the 
height increases as time increases. 
On the right side of x = 5, the height 
decreases as time increases. 


MONITORING PROGRESS 

ANSWERS 

10. no; The graph opens up. 

11. yes; The graph has two positive 
x-intercepts and opens down. 

12. a. 256 ft 


b. x = 4; On the left side of 
x = 4, the height increases as 
time increases. On the right side 
of x = 4, the height decreases as 
time increases. 
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Extra Example 8 

You decide to put a rug on a floor. You 
want the rug to cover 100 square feet and 
to have a uniform border of floor visible, 
as shown. Find the width of the border to 
the nearest inch. 


x ft x ft 
— — 


AS 


x 


at, 


12 ft 


| 


x< 
ow 
oo 


t 


16 ft 


about 23 inches 


MONITORING PROGRESS 


ANSWERS 
13. about 13 in. 
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Solving Real-Life Problems 


EXAMPLE 8 Modeling with Mathematics 


You decide to use chalkboard paint to create a chalkboard on a door. You want the 
chalkboard to cover 6 square feet and to have a uniform border, as shown. Find the 
width of the border to the nearest inch, 


SOLUTION 


1. Understand the Problem You know the dimensions (in feet) of the door from 
the diagram. You also know the area (in square feet) of the chalkboard and that 
it will have a uniform border. You are asked to find the width of the border to the 
nearest inch. 


2. Make a Plan Use a verbal model to write an equation that represents the area of 
the chalkboard. Then solve the equation. 


3. Solve the Problem 


Let x be the width (in feet) of the border, as shown in the diagram. ~ 


Area of Length of Width of 
chalkboard = chalkboard . chalkboard 
(square feet) (feet) (feet) 
6 = (= 2s) . (3 = By) 
6 = (7 — 2x)B3 — 2x) Write the equation. 
6 = 21 — 20x + 4x2 Multiply the binomials. 
—15 = 4x? — 20x Subtract 21 from each side. 
—H = 2 — 5x Divide each side by 4. 


iis 
ts 


sein ae Complete the square for x? — 5x. 
=x? -5x+2 Simplify the left side. 
2 Write the right side as the square of a binomial. 


Take the square root of each side. 


| 


I+ 
‘Sie Sen rien iin SLR >| 
ll 
aay 
| 
rin 


Nin 
Ihe 


x Add 3 to each side. 


The solutions of the equation are x = 3 ae 2 = 4.08 and x = ; = e = 0.92. 

It is not possible for the width of the border to be 4.08 feet because the width of the 

door is 3 feet. So, the width of the border is about 0.92 foot. 

12 in, 
lft 

> The width of the border should be about 11 inches. 


0.92 ft « = 11.04 in. Convert 0.92 foot to inches. 


4. Look Back When the width of the border is slightly less than 1 foot, the length 
of the chalkboard is slightly more than 5 feet and the width of the chalkboard is 
slightly more than | foot. Multiplying these dimensions gives an area close to 
6 square feet. So, an 11-inch border is reasonable. 
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13. WHAT 1F? You want the chalkboard to cover 4 square feet. Find the width of the 
border to the nearest inch. 
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Closure 


¢ Point of Most Significance: Ask students to identify, aloud or written, the most significant 
point in the lesson that aided their learning. 


9.4 Exercises 


x? + bx + cis a perfect square trinomial is called 


Explain. 


minimum value of a quadratic function. 


Vocabulary and Core Concept Check 


1. COMPLETE THE SENTENCE The process of adding a constant c to the expression x* + bx so that 


VOCABULARY Explain how to complete the square for an expression,ef the form x2 + bx. 


WRITING Is it more convenient to complete the square for x? + bx when b is odd or when b is even? 


WRITING Describe how you can use the process of completing the square to find the maximum or 


Dynamic Solutions available at BigideasMath.com 


Monitoring Progress and Modeling with Mathematics 


In Exercises 5-10, find the value of ¢ that completes 
the square. 


5. x -8&xt+e Gh, 52 = Diese 
7 x@+4x+e 8. x4+12xt+e 
9. x2-15x+e¢ 10. x2+9x+¢ 


In Exercises 11-16, complete the square for the 
expression. Then factor the trinomial. (See Example 1.) 


i, S2?— ike 12. x? — 40x 
13. x24 16x 14. x? 4+ 22x 
15. x24 Sx 16. x? — 3x 


In Exercises 17-22, solve the equation by completing the 
square. Round your solutions to the nearest hundredth, 
if necessary. (See Example 2.) 


WA ge We = 115 18. x2 — 6x = 16 


19. x? —4x = -2 20. x24+2x=5 


21. x7- 5x =8 We, $2 3b Iie = = 10) 
23. MODELING WITH MATHEMATICS The area of the 
patio is 216 square feet. 


a. Write an equation 
that represents the 
area of the patio. 


b. Find the dimensions of 
the patio by completing 


the square. ae 
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31. x =8,x=-1 
Oo leo == — 419 


24. MODELING WITH MATHEMATICS Some sand art 
contains sand and water sealed in a glass case, similar 
to the one shown. When the art is turned upside down, 
the sand and water fall to create a new picture. The 
glass case has a depth of | centimeter and a volume 
of 768 cubic centimeters. 


a. Write an equation that represents the volume of 
the glass case. 


b. Find the dimensions of the glass case by 
completing the square. 


In Exercises 25-32, solve the equation by completing the 


square. Round your solutions to the nearest hundredth, 
if necessary. (See Example 3.) 


Ca, eo? = the te 1 =) 26. x°+4x-—21=0 
27. 2x7 +20x+44=0 28. 3x2-18x+12=0 
29. —3x? — 24x + 17 = —40 

0, Sa = Bi s+ 25 = BO) 

Bi, Be = Nebo se Mi == wa 


Sys, Ge db ilps — iG) =) 
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Assignment Guide and 


Homework Check 


ASSIGNMENT 


Basic: 1-4, 5-33 odd, 39-47 odd, 
51-55 odd, 63, 66, 71, 75-80 


Average: 1-3, 4-66 even, 71, 75-80 


Advanced: 1-4, 10, 16, 22, 24, 
30-38 even, 44-66 even, 67-80 


HOMEWORK CHECK 
Basic: 11, 17, 25, 41, 53 


Average: 12, 20, 26, 42, 54 
Advanced: 16, 22, 30, 44, 54 


ANSWERS 


1. completing the square 


Be 
2. Add 2) to x2 + bx. 


: b. : 
3. even; When b is even, y 1S an integer. 


4. Use completing the square to 
write the function in vertex form. 
The maximum or minimum is the 
y-coordinate of the vertex. 


16 


SD &el Sl ga en 
K 


en 
Il, 32 = Ike => PSs (Ge — SY 
12. x? — 40x + 400: (& — 20)? 
13. x2 + 16x + 64; (x + 8)? 
14. x2 + 22x + 121; («+ 11)? 
WS, 32 =) Sie oe 2, (x + 2) 
WG, 56? = Be =+ 2; (x = =F 
Wey jl, ke == 15) 
lt, g¢ = Go = = 2 
19, x= 3.41,x = 0.59 
20. x =~ 1.45.x = —3.45 
Mlle 2 O21, 6 = S127 
1, 52 = je = — 11) 
7B Be Te ae (ope = DING 

b. width: 12 ft, length: 18 ft 
We By Se = re = GE 

b. length: 32 cm, height: 24 cm 
25-6 — x — 3 
MW b= 38 = =7 
MY, Je FS = BON Se es 16, 7/3) 
28. x ~ 5.24, x = 0.76 
PS), 52 {SD gees — Ney) 
30. x = 0.24, x = —4.24 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 

33. The number 16 should be added to 
each side of the equation; 
x2+ 8x + 16= 104 16; 


x= —4 +26 
34. The leading coefficient should be 1 
before completing the square; 
ee ee 
35. = 10, b = —10; In a perfect 


. 

square trinomial c = (2), 0) 

n= 32 VG, 
36. Divide each side of the equation by 3. 
Si, yS@ at Se =e D 
a, yp = Gear 2 + a AN 
39. y=—-(@+4+ 2)?4+2;B 
AD, w= Ge = IP sr BeC 
41. minimum value; —6 


Il 


42. minimum value; | 
43. maximum value; —5 
44, maximum value; 15 
45. maximum value; —6 
46. minimum value; —17 


47. yes; The graph has two negative 
x-intercepts and it opens down. 


48. no; The x-intercept is negative. 
49. no; The x-intercepts are both positive. 


50. yes; The graph has one positive 
x-intercept and one negative 
x-intercept, and it opens down. 

51. f, m; The graph has two negative 
x-intercepts and it opens up. 

52. r,n; The graph has one positive 
x-intercept and one negative 
x-intercept, and it opens down. 


Xe er? RCL OB Ge 
b> e= >, On the left side of x = 5, 


the height increases as time 
increases. On the right side of 


x= 5, the height decreases as 


time increases. 
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33. ERROR ANALYSIS Describe and correct the error in 45. f(x) = —3x2 - 6x —9 46. f(x) = 4x2 — 28x + 32 
solving x* + 8x = 10 by completing the square. 


In Exercises 47-50, determine whether the graph could 


x x* + 8x=10 represent the function. Explain. 
2 2 
Pee a ESIC) 47. y=—(x+8)@+3) 48. y=(e-5) 
(x + 4)? = 10 
x+4=+V10 y s 
x=—-4+4V10 

34. ERROR ANALYSIS Describe and correct the error in i 

the first two steps of solving 2x2 — 2x — 4 = O by 

completing the square. x 

x Dye Oy AO , 49. y=ie+2P-4 50. y= —2@ — lr + 2) 
Oxo ex =A 


y y 
Cie = fesse | Sakae I 
35. NUMBER 5ENS5E Find all values of b for which 
x? + bx + 25 is a perfect square trinomial. Explain BS 
how you found your answer. i 


36. REASONING You are completing the square to solve 


3x2 + 6x = 12, What is the first step? In Exercises 5] and 52, determine which of the 
i : ; : functions could be represented by the graph. Explain. 
In Exercises 37-40, write the function in vertex form (See Example 6.) 
by completing the square. Then match the function with 51. 
its graph. “ h(x) = (x + 2)? + 3 
S57 Os 3, Sse a he 12 


fate eae 
39ny = —aee) AQ, Sse = Bete al = - : - 
80) Seg = 8) Ca) 


A. B. as 
m(x) = (x + 2) + 4) 
52. , . 
CI aAGe = SiGe 4° |) 
Cc D P(X) = —2(x — 2) = 6) 
x ga=@+1)?+4 
HG) = (ee 
53. MODELING WITH MATHEMATICS The function 
In Exercises 4I—46, determine whether the quadratic h = ~161° + 487 represents the height h (in feet) of a 
function has a maximum or minimum value. Then find kickball ¢ seconds after it is kicked from the ground. 
the value. (See Examples 4 and 5.) (See Example 7.) 
41. y=x2-—4y-2 42. y=x2+ 6x + 10 a. Find the maximum height of the kickball. 


43 y= le 30) A ee ae b. Find and interpret the axis of symmetry. 
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$4. MODELING WITH MATHEMATICS In Exercises 59-62, solve the equation by completing 


You throw a stone from a height the square. Round your solutions to the nearest AN SWERS 

of 16 feet with an initial vertical hundredth, if necessary. 54. a. 32ft 

velocity of 32 feet per second. The So G5 ee oe 4 f ; 
firchon hh = —16r #907 = 16 » OSX Fx-2=9 60. 0.75x7 + 1.Sx= 4 b. x = 1; On the left side of 


represents the height # (in feet) 


x = 1, the height increases as 
of the stone after ¢ seconds, 


time increases. On the right side 


63. PROBLEM SOLVING The distance d (in feet) that it of x = 1, the height decreases as 
takes a car to come to a complete stop can be modeled time increases. 
by d = 0.05s? + 2.25, where s is the speed of the car 


ore, ieee ey el Weer es 
61. Bi = Su a 62. pe tr pe = = 


a. Find the maximum height 
of the stone, 


b. Find and interpret the axis 


Chee (in milé per hour). A car has 168 feet to come to a 55. 3 ft 
2 EE complete stop. Find the maximum speed at which the 56. about | in. 
a car can travel. 
SS. MODELING WITH MATHEMATICS You are building a 57. 12 
rectangular brick patio surrounded by a crushed stone 64. PROBLEM SOLVING During a “big air” competition, 58 6 487 
border with a uniform width, as shown. You purchase : > about 4. 
Hes ° ‘ pure snowboarders launch themselves from a half-pipe, 
patio bricks to cover 140 square feet. Find the width perform tricks in the air, and land back in the 59. x =~ 1.24, x = —3.24 
of the border. (See Example 8.) half-pipe. The height / (in feet) of a snowboarder 60. x ~* 1.52, x ~ —3.52 
above the bottom of the half-pipe can be modeled 
by h = —167? + 241 + 16.4, where ris the time 61. x ~ 4.29, x = —0.29 
Gn seconds) after the snowboarder launches into 62. x= 1.45, x = —3.45 
the air. The snowboarder lands 3.2 feet lower than the : 
height of the launch. How long is the snowboarder in 63. 40 mi/h 
the air? Round your answer to the nearest tenth of 64. about 1.6 sec 


a second, 


65. a. + 2w = 80, w=750 


b. length: 30 ft, width: 25 ft, 
length: 50 ft, width: 15 ft 


20 ft 


; Initial vertical 
velocity = 24 ft/sec 16.4 ft 


56. MODELING WITH MATHEMATICS 
You are making a poster Balas 
that will have a uniform HK-— 22 in. —-} 
border, as shown. The Gp lis 
total area of the poster 
is 722 square inches. 
Find the width of the 
border to the nearest inch. 


Cross section of a half-pipe 


65. PROBLEM SOLVING You have 80 feet of fencing 
to make a rectangular horse pasture that covers 
750 square feet. A barn will be used as one side of 
the pasture, as shown. 


MATHEMATICAL CONNECTIONS In Exercises 57 and 58, 
find the value of x. Round your answer to the nearest 
hundredth, if necessary. 


$7. A= 108 n? $8. A= 288 in? : : 
a. Write equations for the amount of fencing to be 
Bio he used and the area enclosed by the fencing. 
b. Use substitution to solve the system of equations 
- from part (a). What are the possible dimensions of 
(x + 6)m (2x + 10) in. 


the pasture? 
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ANSWERS 
66. a. 3,1 


b. Substitute 3 for y in the equation, 
then solve the equation by 
completing the square. 

x= 0.8, x ~ —128 

by, BOLTS, = — IAs 


c. Sample answer: completing 
the square, The result is more 
accurate. 


68. 


S|anNwWhse ur Ds © 


| x2 


#i.2,304 5 ueuans 
a parabola at an angle 

69. x(x + 2) = 48, 6 and 8 

70. x(x + 2) = 195; x = —15 and 
x=-13 

71. yes, Substituting 23.50 for y in the 
model, the stock is worth $23.50 


ten days and thirty days after the 
stock is purchased. 


72. Factoring does not work for this 


equation, and graphing does not 
produce an exact solution. 
73. length: 66 in., width: 6 in. 
b 2 b 2 
We, ORIlie< =) , then (?) 47 @ 20), %o) 
there are no real solutions. 


75-80. See Additional Answers. 


Mini-Assessment 


. Complete the square for the 
expression x2 + 24x. Then factor 
the trinomial. x2 + 24x + 144: 
(x + 12)? 


. Solve x* — 12x = 45 by completing 
the square. x = 15 andx = —3 


. Find the minimum value of 
V= xt = 20x 275.25 


. The function y = —16x2 + 32x 
represents the height y (in feet) of a 
football x seconds after it is kicked 
off the ground. 


a. Find the maximum height of the 
football. 16 feet 


b. Find and interpret the axis of 
symmetry. x = 1; The height 
increases when x < 1 and 
decreases when x > 1. 
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66. HOW DO YOU SEE IT? The graph represents the 
quadratic function y = x2 — 4x + 6, 


a. Use the graph to estimate the x-values for which 


y =3. 


b. Explain how you can use the method of 
completing the square to check your estimates 
in part (a). 


67. COMPARING METHODS Consider the quadratic 
equation x? + 12x +2 = 12. 


a. Solve the equation by graphing. 


b. Solve the equation by completing the square. 


c. Compare the two methods. Which do you prefer? 


Explain. 


68. THOUGHT PROVOKING Sketch the graph of the 
equation x? — 2xy + y2 — x — y = 0, Identify 
the graph. 


69. REASONING The product of two consecutive even 
integers that are positive is 48. Write and solve an 
equation to find the integers. 


70. REASONING The product of two consecutive odd 
integers that are negative is 195, Write and solve an 
equation to find the integers. 


71. MAKING AN ARGUMENT You purchase stock for 
$16 per share. You sell the stock 30 days later for 
$23.50 per share. The price y (in dollars) of a share 
during the 30-day period can be modeled by 
y = —0.025x? + x + 16, where x is the number of 
days after the stock is purchased. Your friend says you 
could have sold the stock earlier for $23.50 per share. 
Is your friend correct? Explain. 


72. REASONING You are solving the equation 
x* + 9x = 18. What are the advantages of solving the 
equation by completing the square instead of using 
other methods you have learned? 


73. PROBLEM SOLVING You are knitting a rectangular 
scarf. The pattern results in a scarf that is 60 inches 
long and 4 inches wide. However, you have enough 
yarn to knit 396 square inches. You decide to increase 
the dimensions of the scarf so that you will use all 
your yarn. The increase in 
the length is three times 
the increase in the 
width. What are 
the dimensions 
of your scarf? 


74. WRITING How many solutions does x + bx = c have 


b fa 
when c < -(4) ? Explain. 


Maintaining Mathematical Proficiency Reviewing what you learned In previous grades and lessons 


Write a recursive rule for the sequence. 


76. 


(Section 6.6) 


Simplify the expression V b? — 4ac for the given values. (Section 9./) 


78. a=3,b=—-6,c=2 
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lf students need help... 


Resources by Chapter 
e Practice A and Practice B 
e Puzzle Time 


79. a=-2,b=4,c=7 


Solving Quadratic Equations 


80. a=1,b=6,c =4 


If students got it... 


Resources by Chapter 
e Enrichment and Extension 
¢ Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


Differentiating the Lesson 
Skills Review Handbook 


Solving Quadratic Equations 


Using the Quadratic Formula 


Essential Question How can you derive a formula that can be used 


TEXAS ESSENTIAL to write the solutions of any quadratic equation in standard form? 


KNOWLEDGE AND SKILLS 


ABA a ; 
> hel v Vile) Deriving the Quadratic Formula 


Work with a partner. The following steps show a method of solving 
ax* + bx + c = 0. Explain what was done in each step. 


< (3. write the on | 
<| 2.Miliat was Hones 
<— 4, What was coe } 
< 5. What was done? | 


Deriving the Quadratic Formula by 
Completing the Square 


Gx bx tic — 0 


4q?x? + dabx + 4ac = 0 


4a?x? + 4abx + 4ac + b* = b? 
4a*x? + dabx + b? = b? — 4ac 
(2ax + b)? = b2 — 4ac 
Qax + b = #Vb2 - 4ac 
2ax = —b + Vb? — 4ac 


Quadratic Formula: x 


EXPLORATION 2 


Work with a partner. 


a. Solve ax? + bx + c = 0 by completing the square. (Hint: Subtract c from each 
side, divide each side by a, and then proceed by completing the square.) 


b. Compare this method with the method in Exploration 1. Explain why you think 
4a and b? were chosen in Steps 2 and 3 of Exploration 1. 


Communicate Your Answer 


SELECTING TOOLS 3. How can you derive a formula that can be used to write the solutions of any 


To be proficient in math quadratic equation in standard form? 


you need to identify 4. Use the Quadratic Formula to solve each quadratic equation. 


relevant external 
A, aed De = 3 = 0) 


b. x2-4x+4=0 G x + 4x+5=0 


mathematical resources. 


5. Use the Internet to research imaginary numbers. How are they related to 
quadratic equations? 
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For a section overview and insights into this Exploration page, 
see Laurie’s Notes at BigideasMath.com. 


| SUPPORTING English Language Learners 


Present the Essential Question. Have students work in pairs to complete the explorations and 
Communicate Your Answer. Have them share their answers with the class. 


Beginning/Advanced When sharing answers, Beginning students use simple phrases to provide 
details, and Advanced students use multiple sentences. 

Intermediate/Advanced High When sharing answers, Intermediate students use simple 
sentences to provide details, and Advanced High students use multiple complex sentences. 


ELPS 3.H.3 Explain with increasing specificity and detail as more English is acquired. 


Dynamic Teaching Tools 
Dynamic Assessment & Progress Monitoring Tool 
Lesson Planning Too! | 
Interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


Texas Essential 
Knowledge and Skills 


A.8.A The student is expected to solve 
quadratic equations having real solutions 
by factoring, taking square roots, 
completing the square, and applying the 
quadratic formula. 


ANSWERS 
1. 2. Multiply each side by 4a. 


3. Add b? to each side. 
4. Subtract 4ac from each side. 
5. Write the left side in factored 


form. 
6. Take the square root of each side. 
Subtract b from each side. 
Divide each side by 2a. 
ene = ee ae 


2a 


b. to obtain a perfect square 
trinomial on the left side of the 
equation 

3. Complete the square of the general 
form of the quadratic equation, 
ax? + bx +c=0. 

4, a x=I1,x=-3 
bo x=2 
¢. no real solution 

5. The imaginary number, i, is V=1. 

Quadratic equations with no real 

solution have complex solutions, 

which include an imaginary part. 
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Extra Example 1 What You Will Learn 


Solve x2 — 4x — 5 = 0 using the > Solve quadratic equations using the Quadratic Formula. 


Quadratic Formula. C Vocat l p> Interpret the discriminant. 
4+6 ici 


> Choose efficient methods for solving quadratic equations. 


The solutions are x = i = 5 and Quadratic Formula, p. 504 
ee discriminant, p. 506 Using the Quadratic Formula 
Xx=-—~—=-1. 


2 By completing the square for the quadratic equation ax? + bx + ¢ = 0, you can 
develop a formula that gives the solitons oe any quadratic equation in standard form. 
This formula is called the Quadratic Formula 


MONITORING PROGRESS 
ANSWERS G Core Concept 


1 x=5,x=1 Quadratic Formula 


, 5 ; : 2 2 
x = 3.6,x~ —5.6 The real solutions of the quadratic equation ax? + bx + ¢ = Oare 


Me 
3. x= —-12.x~1.9 = PSN = Mae Quadratic Formula 
; : 


where a # Oand b? — 4ac > 0. 


For classroom suggestions on 
teaching this lesson, see Laurie's NN a §=Using the Quadratic Formula 
Notes at BigideasMath.com. 


Solve 2x? — 5x + 3 = O using the Quadratic Formula. 


SOLUTION 
ea 
STUDY TIP = eee Quadratic Formula 
You can use the roots cae Vian = 
of a quadratic equation eae = 206) Substitute 2 for a, —5 for b, and 3 for c. 
to factor the related Ba wi nee 
expression. In Example 1, ey Simplify. 
you can use 1 and } to 5+] 
factor 22 —IRKon Sas = sw Evaluate the square root. 
(x — 1)(2x — 3). = 
P So, the solutions are x a and x 2 1 
4 2 4 
: 
Check | : i 7 . : ; ut 7 
22 = Shes 3 =0  Originalequation =9.2x7-S5x+3=0 © 
i eee? 
J} ed (3) gah | Substitute. -2(1)? — 5(1) +3 = 0 
sii is 
See eo 
Se. iL 0 Simi — 2=p73 = 6 
j A: f 


we yes ov, PL oa 
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Solve the equation using the Quadratic Formula. Round your solutions to the 
nearest tenth, if necessary. 


x -6x+5=0 2.33 +x 10 —0 
So oe 4. 4x2 — 4x = —-1 
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Differentiated Instruction 


Organization/Inclusion 
Some students may view the Quadratic Formula as complex and may not know what to do first 
_ when trying to use it. Suggest that they complete this table before they begin solving a quadratic 


equation in standard form. 


After completing the table, Coefficient 


students can substitute the 
| appropriate values into the 
' formula and simplify. 
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PONV aaa Modeling With Mathematics Extra Example 2 


A Wolf Breeding Pairs ] The number y of Northern Rocky Mountain wolf breeding pairs x years since 1990 The number y of Northern Rocky Mountain 
= can be modeled by the function y = 0.20x? + 1.8x — 3. When were there about 


ey Ly es 0.20%2 + 1.8x~ 3) 35 breeding pairs? wolf breeding pairs x years since 1990 
8 A \\ Racer can be modeled by the function 
oS 
Ec y = 0.20x? + 1.8x — 3. When were there 
® 1. Understand the Problem You are given a quadratic function that represents the p . 
(my 7S b 
Sl gg number of wolf breeding pairs for years after 1990. You need to use the model to about 77 breeding Deis of wolves? There 
® ag determine when there were 35 wolf breeding pairs. were about 77 breeding pairs 16 years 
2 30 2. Make a Plan To determine when there were 35 wolf breeding pairs, find the after 1990, in 2006. 
3 1s x-values for which y = 35. So, solve the equation 35 = 0.20x2 + 1.8x — 3. 
0 j 
0 3.6 9 1215 18 x 3. Solve the Problem 
ee ee — MONITORING PROGRESS 
les 35 = 0.20x? + 1.8x — 3 Write the equation. ANSWERS 
0 = 0.20x? + 1.8x — 38 Write in standard form. 5. 2004 
= = 
p= ae Quadratic Formula 6. a. 2007 
b. 51 bald eagle nesting pairs 
— Hae WE = OO AS) : 
= 20.2) Substitute 0.2 for a, 1.8 for b, and —38 for c. 
EXPLAINING 
MATHEMATICAL Bees es simplify 
IDEAS ae 
You can ignore the = 18458 Simpli 
solution x = —19 because 0.4 a 
—19 represents the year = =f 8 = 
1971, which is not in the The solutions are x = st —_ 10 and x = a ue 19, 


given time period. 


aso sosnssemestial > > Because x represents the number of years since 1990, x is greater than or equal 


to zero. So, there were about 35 breeding pairs 10 years after 1990, in 2000. 


4. Look Back Use a graphing calculator to graph the equations y = 0.20x? + 1.8x — 3 
and y = 35, Then use the intersect feature to find the point of intersection. The 
graphs intersect at (10, 35), 


—30 


Intersection 
=10 


y = 0,20x2 + 1.8x — 3 


ae) 
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5. WHAT IF? When were there about 60 wolf breeding pairs? 


6. The number y of bald eagle nesting pairs in a state x years since 2000 can be 
modeled by the function y = 0.34x? + 13.1x +51. 


a. When were there about 160 bald eagle nesting pairs? 


b. How many bald eagle nesting pairs were there in 2000? 
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Section 9.5 505 


Interpreting the Discriminant 
The expression b? — 4ac in the Quadratic Formula is called the discriminant. 


a. Determine the number of real solutions ats 
_ —b + Vb? = 4ac <— discriminant) 
st ee ee x= =b# WEP das <—{ discriminant ) 


Extra Example 3 


2a 
The equation has two real solutions. Because the discriminant is under the radical symbol, you can use the value of the 
q y 
. . discriminant to determine the number of real solutions of a quadratic equation and the 

b. Determine the number of real solutions number of x-intercepts of the graph of the related function. 

of x? + 4 =x. 

The equation has no real solutions. G Core Concept 

Interpreting the Discriminant 
MONITORING PROGRESS Peer eee Mr (hy 
ANSWERS 
STUDY TIP v u ¥ 


7. one real solution 


The solutions of a quadratic 

equation may be real 

9. two real solutions numbers or imaginary x x x 
numbers. You will study 
imaginary numbers in a 
future course. 


8. no real solutions 


* two real solutions * one real solution * no real solutions 


* two x-intercepts * one x-intercept * no x-intercepts 


“EXAMPLE 3 Determining the Number of Real Solutions 


a. Determine the number of real solutions of x2 + 8x — 3 =0. 


P= the = = HA) Substitute 1 for a, 8 for b, and —3 for c. 
= 64+ 12 Simplify. 
= 76 Add. 


> The discriminant is greater than 0. So, the equation has two real solutions. ‘ 


b. Determine the numbcr of real solutions of 9x2 + 1 = 6x. 


Write the equation in standard form: 9x? — 6x + 1 = 0. 


b? — 4ac = (—6)? — 4(9)() Substitute 9 for a, —6 for b, and 1 for c. 
= 36 — 36 Simplify. 
=0 Subtract. 


b> The discriminant is 0. So, the equation has one real solution. 
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Determine the number of real solutions of the equation. 
i 3 sp abe = dh (0) 
8. 6° + 2x = —-1 


oF 
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EXAMPLE 4 Finding the Number of x-Intercepts of a Parabola 


Find the number of x-intercepts of the graph of y = 2x? + 3x + 9. 


SOLUTION 


Determine the number of real solutions of 0 = 2x? + 3x + 9. 


b? — 4ac = 3? — 4(2)(9) 


=9-72 
= -63 


Simplify. 
Subtract. 
oe 


Substitute 2 for a, 3 for b, and 9 for c. 


Because the discriminant is less than 0, the equation has no real solutions. 


So, the graph of 
y= 2x7 + 3x+9 
has no x-intercepts. 


Check 

' 
Use a graphing 
calculator to check 


20 ; 


your answer. Notice 

that the graph of 

y = 2x2 + 3x +9 

has no x-intercepts. | —4 2 


~_ a : Ommaney —. 
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Find the number of x-intercepts of the graph of the function. 


10. y= —x?+x-6 W. y=? —-x 12. f() = x? + 12x + 36 


Choosing an Efficient Method 


The table shows five methods for solving quadratic equations. For a given equation, 
it may be more efficient to use one method instead of another. Some advantages and 
disadvantages of each method are shown. 


© Core Concept 


Methods for Solving Quadratic Equations 


(Lesson 9.3) 


form x? = d. 


Method Advantages Disadvantages 
Factoring ¢ Straightforward when the * Some equations are 
(Lessons 7.6-7.9) equation can be factored easily | _ not factorable. | 
Graphing * Can easily see the number of |* May not give Seal 
(Lesson 9.2) solutions solutions 

* Use when approximate 
solutions are sufficient. 
* Can use a graphing calculator 
Using Square Roots |* Use to solve equations of the | * Can only be used for | 


certain equations 


Completing the 
Square (Lesson 9.4) 


Best used when a = | and 
bis even 


May involve difficult 
calculations 


Quadratic Formula 
(Lesson 9.5) 


Can be used for any quadratic 
equation 


Gives exact solutions 


Takes time to do 
calculations 
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Solving Quadratic Equations Using the Quadratic Formula 


507 


Extra Example 4 

Find the number of x-intercepts of the 
graph of y = 2x? — 4x — 3. The graph of 
y = 2x? — 4x — 3 has two x-intercepts. 


MONITORING PROGRESS 
ANSWERS 


10. no x-intercepts 
11. two x-intercepts 
12. one x-intercept 
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Extra Example 5 
Solve the equation using any method. 
Explain your choice of method. 


a. 


MONITORING PROGRESS 


ANSWERS 
13. 


14. 


15. 


16. 


508 


x2 - 4x -7=0 

x=2+V11 ~5.3 and 

x =2—V11 = -1.3; The coefficient 
of the x2-term is 1, and the coefficient 
of the x-term is an even number. So, 
solve by completing the square. 


. (x — 2)? = 64 


xX = 10 and x = —6; The equation has 
the form x* = d. So, solve by using 
square roots. 

eye 2 0 

= Sia, 


ee 5 and 
es a ane 
x 0 5! The equation is 


not easily factorable, and the numbers 
are somewhat large. So, solve using 
the Quadratic Formula. 


Check 

Graph the related function 
f(x) = x? + 8x + 12 and find 
the zeros. The zeros are —6 


and —2. 
; a 


x = —12, x = 1; Sample answer: 
The equation is easily factorable, so 
solve by factoring. 


x= 1,x = —1; Sample answer: The 
equation can be written in the form 
x? = d, so solve using square roots. 
x = 0.56, x ~ —0.36; Sample 
answer. The equation is not 
factorable and the coefficient of the oe ew & 
x?-term is not 1, so solve using the 

quadratic formula. 


no real solutions; Sample answer: 
The coefficient of the x?-term is 1 
and b is even, so solve by completing 
the square. 
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| Closure 


EXAMPLE 5 Choosing a Method 


Solve the equation using any method. Explain your choice of method. 


a. x2 — 10x = | b. 2x2 — 13x — 24 =0 c. x2 + 8x + 12=0 


SOLUTION 


a. The coefficient of the x2-term is 1, and the coefficient of the x-term is an even 
number. So, solve by completing the square. 


x? — 10x = 1 Write the equation. 
52 = Nese DS = I] 4b WS Complete the square for x* — 10x. 
(x — 5)? = 26 Write the left side as the square of a binomial. 
x-5=+V26 Take the square root of each side. 
gS 5 VIG Add 5 to each side. 


P So, the solutions are x = 5 + V26 = 10.1 andx = 5 — V26 ~ -0.1. 


b. The equation is not easily factorable, and the numbers are somewhat large. 
So, solve using the Quadratic Formula. 


—b+ Vb — 4ac ; 
x= Quadratic Formula 
2a 
_ SD) 2 Ve SAO Substitute 2 for a, —13 for b, 
2(2) and —24 for c. 
= ee Simplify, 
4 
ate ; we Evaluate the square root. 
P So, the solutions are x = Jeo! 2 caine © 7 a -3 


c, The equation is easily factorable. So, solve by factoring. 
se ap bee te I = (0) 
(x + 2) + 6) =0 
x+2=0 or 


Write the equation. 

Factor the polynomial. 
Zero-Product Property 
x=-2 or Solve for x. 


p> The solutions are x = —2 and x = —6. 
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Solve the equation using any method. Explain your choice of method. 


13. 2+ 1llx-12=0 


14. 992-5 =4 
1S, Sse = se = | = 0 
16. x2 = 2x —5 


Solving Quadratic Equations 


¢ Write a quadratic equation that you would not solve using (a) square roots, (b) factoring, and 
(c) completing the square. Sample answers: (a) x* + 12x + 8 = 0; (b) x? = 211; 


(c) x2 — 7x +12 =0 


Chapter 9 


9.5 Exercises 


Dynamic Solutions available at BigldeasMath.com 


Vocabulary and Core Concept Check 


1. VOCABULARY What formula can you use to solve any quadratic equation? Write the formula. 


2. VOCABULARY In the Quadratic Formula, what is the discriminant? What does the value of the 
discriminant determine? 


Monitoring Progress and Modeling with Mathematics 


In Exercises 3-8, write the equation in standard form. 24. MODELING WITH MATHEMATICS The amount of trout 
Then identify the values of a, b, and c that you would y (in tons) caught in a lake from 1995 to 2014 can be 
use to solve the equation using the Quadratic Formula. modeled by the equation y = —0.08x? + 1.6x + 10, 


3 = 78 ae ee where x is the number of years since 1995. 


a. When were about 15 tons of trout caught in 


5, —2x°+ 1 =5x 6. 3x+2=47 the lake? 


b. Do you think this model can be used to determine 
the amounts of trout caught in future years? 
Explain your reasoning. 


th Gl = She =a ae She 8. —8x — 1 =3x7+2 


In Exercises 9-22, solve the equation using the 
Quadratic Formula. Round your solutions to 


In Exercises 25-30, determine the ber of real 
the nearest tenth, if necessary. (See Example J.) ae see 


solutions of the equation. (See Example 3.) 
2 [oe ub ys = 2 E = 
2) 3s 12x + 36 =0 10. x*°+ 7x+ 16=0 oS te 0 ee ey 


Dh —_ = 9x2 — xy —1L = 
PS TN i Ee 2 27. 2x2-12e=-18 28. 4 = 4-1 


De sia aS oaerat = 
ik, Be Gea 5 = 0) 14. 9x7 -6x+1=0 29. -42 4 dys = = 9) 30, =e sb Be =O 


ores a Ras = 
es x Ie Q eg as In Exercises 31-36, find the number of x-intercepts of 
ile er = 162 a er the graph of the function. (See Example 4.) 
Su), sea ab Sig = Il 
19. x7+2x=9 20. 5x? - 2 = 4x 


32, y=4e27 +454 1 
Pail, Dye tb Oye ai 7) = s) 22, 8x4 + 8 = 6 — 9x 

ce, = Soe ar ie = al 
23. MODELING WITH MATHEMATICS A dolphin 


jumps out of the water, as shown in the diagram. BUY, ua mae ae Sie ae Ile 
The function h = —1617 + 26r models the height /: 

(in feet) of the dolphin after t seconds. After how SS, 00) = dhe sb ae = 6 
many seconds 1s the dolphin at a height of 5 feet? 

(See Example 2.) 36. f(x) = 2x + Bx + 8 


In Exercises 37-44, solve the equation using any method. 
Explain your choice of method. (Sze Example 5.) 


37. —10x? + 13x =4 ch 3 = she = cl = 0) 


39. °+6x=5 40. —S5x? = -—25 
4), 52 4p ae = 1 = 0) AV, a = dese jl = (0) 
43. 4x2 -—x=17 fh, ge db Grete OS IG 
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24. a. 1999, 2011 34. two x-intercepts 
b. no; According to the model, the amount 35. two x-intercepts 
of trout caught after 2020 is negative. 36. one x-intercept 
25. no real solutions 37. x= 5, x= *; Sample answer: The equation 


26. two real solutions 


27. one real solution using the quadratic formula. 


28. one real solution 38. x = —5,x = 8; Sample answer: The 


29. two real solutions : 
; factoring. 
30. no real solutions 
. 39. x = 0.74, x ~ —6.74; Sample answer: 
31. two x-intercepts 


32. one x-intercept the square. 


33. no x-intercepts 40-44. See Additional Answers. 


is not easily factorable and a # 1, s0 solve 


equation is easily factorable, so solve by 


a = | and bis even, so solve by completing 


Assignment Guide and 


Homework Check . 


ASSIGNMENT 
Basic: 1, 2, 3-49 odd, 71, 74, 83-86 ' 


Average: 1, 2—48 even, 49, 
50-62 even, 72, 74, 83-86 


Advanced: 1, 2, 8, 20—30 even, 
34-48 even, 49, 50—76 even, 77-86 


HOMEWORK CHECK 
Basic: 9, 23, 25, 31, 37 


Average: 10, 24, 26, 32, 38 
Advanced: 20, 24, 28, 34, 38 


ANSWERS 


1. the quadratic formula, 
eo Vb? — 4ac 
: 2a 

2. b? — 4ac; the number of real 
solutions of a quadratic equation 

a 3 = Te =the =i1bS =. e=0 
oie + Ie = a= b= 7 
c=0 

4, g@ = de th ID Shae = 1b = =4, 
c= 12 or —x? + 4x — 12 = 0: 
a=—1,b=4,c=-12 

5. —2x27-5x+1=0;a= -2, 
b= =5,@ = ore Be + Se — 1 = 
a=2,b=5,c=-1 

Ose ote) 
@= 2rd — Be —2=a=4, 
b= —3,c=-2 

Io >A AS(h a= Ib = 6. 
c=4or-x + 6x —-4=0;a= -1, 
D=o,e= —4 

8. —3x? — 8x —3 =0:a = -3, 
p= =, 0 = =3 OF 
Se +t Be st 3 SH Oke = 3b = 8. 
c=3 

9 x=6 

10. no real solutions 


ik, se = lose = =I 


oles = 


13. no real solutions 


14. x= t 
Peers hae 
15. x= > an 5 
16. no real solutions 
17. x= 


Ui, 3e RS ANG, eS SOS 
23. about 0.2 sec, about 1.4 sec 
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Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


interactive Whiteboard Lesson Library 


Dynamic Classroom with Dynamic Investigations 


ANSWERS 
A, =o Slatenllel ys =(— 7), molt = 7/2 


pees EVE ide 
2(3) i 
2 


x= 3andx= —3 


46. The equation needs to be in the form 
axe + bx +c=0,soce = —4not4; 


— ote = — = 
pe = 4G 24 


=D) 


x= Sandx=4 


47. yes; about 42 ft, about 158 ft 

48. a. no 
b. yes; 2 days 

49. no; The discriminant is —47, so the 
equation has no real solutions. 

50. no; Substituting 4 for y in the model 
results in no real solutions. 

51. 5; length: 13 m, width: 7 m 

52. 4; length: 19 ft, width: 11 ft 

53. a-c. x = —2 
Sample answer: factoring; The 
equation is easily factorable. 

54. a-c. x= —5,x = -3 
Sample answer: quadratic formula; 
The equation is not easily factorable 
and one x-intercept is not an integer. 

55. 2; When a and c have different signs, 
ac is negative, so the discriminant is 
positive. 

56. rational; When the discriminant is a 
perfect square, the square root of the 
discriminant is an integer. 


57. a. Sample answer: 5 
b. 1 
c. Sample answer: 2 
58. a. Sample answer: 
b. 16 
c. Sample answer: 17 
59. a. Sample answer: | 
b. 9 


c. Sample answer: 10 
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45. 


46. 


47. 


48. 


49. 


510 


ERROR ANALYSIS Describe and correct the error 
in solving the equation 3x? — 7x — 6 = O using the 
Quadratic Formula. 


x ge DEVE? = 4-9) 
2(5) 


_-7#Vi2i 
6 


oe i= = 5) 
S) 


ERROR ANALYSIS Describe and correct the error 
in solving the equation —2x? + 9x = 4 using the 
Quadratic Formula. 


x ye =o = Vee 
2(-2) 


_-94V113 
=4 


x= —0.41 andx~ 4.91 


MODELING WITH MATHEMATICS A fountain shoots 

a water arc that can be modeled by the graph of the 
equation y = —0.006x? + 1.2x + 10, where x is the 
horizontal distance (in feet) from the river’s north 
shore and y is the height (in feet) above the river. Does 
the water arc reach a height of 50 feet? If so, about 
how far from the north shore is the water arc 50 feet 
above the water? 


MODELING WITH MATHEMATICS Between the 
months of April and September, the number y of hours 
of daylight per day in Seattle, Washington, can be 
modeled by y = —0.00046x? + 0.076x + 13, where x 
is the number of days since April |. 


a. Do any of the days between April and September in 
Seattle have 17 hours of daylight? If so, how many? 


b. Do any of the days between April and September in 
Seattle have 14 hours of daylight? [f so, how many? 


MAKING AN ARGUMENT Your friend uses the 
discriminant of the equation 2x? — 5x — 2 = —1] and 
determines that the equation has two real solutions. Is 
your friend correct? Explain your reasoning. 
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50. MODELING WITH MATHEMATICS The frame of the 
tent shown is defined by a rectangular base and two 
parabolic arches that connect the opposite corners of 
the base. The graph of y = —0.18x? + 1.6x models 
the height y (in feet) of one of the arches x feet 
along the diagonal of 
the base. Can a child 
who is 4 feet tall walk 
under one of the arches 
without having to bend 
over? Explain. 


MATHEMATICAL CONNECTIONS In Exercises 51 and 52, 
use the given area A of the rectangle to find the value of 
x. Then give the dimensions of the rectangle. 


51. A=91 m2 
Xx+2)m ° 
(2x + 3)m 
52. A = 209 ft? 
(4x — 5) ft 
(4x + 3) ft 


COMPARING METHODS In Exercises 53 and 54, solve the 


equation by (a) graphing, (b) factoring, and (c) using 
the Quadratic Formula. Which method do you prefer? 
Explain your reasoning. 


53. x2 +4x+4=0 54. 3x7 + llx+6=0 


55. REASONING How many solutions does the equation 
ax? + bx + ¢ = 0 have when a and c have different 
signs? Explain your reasoning. 


56. REASONING When the discriminant is a perfect 
square, are the solutions of ax* + bx + ¢ = Orational 
or irrational? (Assume a, b, and c are integers.) 
Explain your reasoning. 


REASONING In Exercises 57-59, give a value of c 


for which the equation has (a) two solutions, 
(b) one solution, and (c) no solutions. 


byYA i = Bese e =O 
i Se = ee = (i) 


59. 4x2+ 12x+c=0 


60. REPEATED REASONING You use the Quadratic 
Formula to solve an equation. 


a. You obtain solutions that are integers. Could you 
have used factoring to solve the equation? Explain 
your reasoning. 


b. You obtain solutions that are fractions. Could you 
have used factoring to solve the equation? Explain 
your reasoning. 


c. Make a generalization about quadratic equations 
with rational solutions. 


61. MODELING WITH MATHEMATICS The fuel economy 
y (in miles per gallon) of a car can be modeled by 
the equation y = —0.013x? + 1.25x + 5.6, where 
5 < x < 75 and x is the speed (in miles per hour) of 
the car. Find the speed(s) at which you can travel and 
have a fuel economy of 32 miles per gallon. 


62. MODELING WITH MATHEMATICS The depth d 
(in feet) of a river can be modeled by the equation 
d= —0.25 + 1.71 + 3.5, where 0 < t < 7 and fis 
the time (in hours) after a heavy rain begins. When is 
the river 6 feet deep? 


ANALYZING EQUATIONS In Exercises 63-68, tell 
whether the vertex of the graph of the function lies 
above, below, or on the x-axis. Explain your reasoning 
without using a graph. 


63. y=2x2-—3x+2 64 Or 


65. y=6x?—-2x +4 GG. p= =e + Ge = 2S 


Gi jy S =the = hese 
68. f(x) = 9x2 — 24x + 16 


69. REASONING NASA creates a weightless 
environment by flying a plane in a series of parabolic 
paths. The height / (in feet) of a plane after f seconds 
in a parabolic flight path can be modeled by 
h = —11f + 700t + 21,000. The passengers 
experience a weightless environment when the height 
of the plane is greater than or equal to 30,800 feet. 
Por approximately how many seconds do passengers 
experience weightlessness on such a flight? Explain. 


Zi weightless 


environment 
30,800 ft 
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70. 


71. 


Wes: 


Ts: 


WRITING EQUATIONS Use the numbers to create a 
quadratic equation with the solutions x = —1 and 


1 


2 i= 


PROBLEM SOLVING A rancher constructs two 
rectangular horse pastures that share a side, as shown. 
The pastures are enclosed by 1050 feet of fencing. 
Each pasture has an area of 15,000 square feet. 


a. Show that y = 350 — Sx, 


b. Find the possible lengths and widths of 
each pasture. 


PROBLEM SOLVING A kicker punts a football from 
a height of 2.5 feet above the ground with an initial 
vertical velocity of 45 feet per second. 


wn to 


a i! 

Not dra scale 

a. Write an equation that models this situation using 
the function h = —16f? + vot + so, where h is 
the height (in feet) of the football, f is the time 
(in seconds) after the football is punted, vp is the 
initial vertical velocity (in feet per second), and sq 
is the initial height (in feet). 


b. The football is caught 5.5 feet above the ground, 
as shown in the diagram. Find the amount of time 
that the football is in the air. 


CRITICAL THINKING The solutions of the quadratic 


=} pe 
equation ax? + bx +c =Oarex= ee 


ey 
Pan ae Find the mean of the 
a 


solutions. How is the mean of the solutions related to 
the graph of y = ax? + bx + c? Explain. 


and x = 
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ANSWERS 
60. a. yes; The equation can be written 
in intercept form. 

b. yes; The equation can be written 
in intercept form. 

c. A quadratic equation with 
rational solutions can be solved 
by factoring. 

61. about 31 mi/h, about 65 mi/h 
62. after about 2.2 h, after about 4.6 h 
63. below the x-axis; The discriminant is 

positive and a > 0. 

64. on the x-axis; The discriminant is 

Zero. 

65. above the x-axis; The discriminant is 

negative anda > 0. 

66. below the x-axis; The discriminant is 
negative anda <0. 

67. above the x-axis; The discriminant is 
positive anda <0. 

68. on the x-axis: The discriminant is 

Zero. 

69. about 22 sec; The height is 30,800 
feet after about 

20.8 seconds and after about 42.8 

seconds. 

TO, ae Se il @r =ale —Sig =I 
Til, By 486 r Shy = IICSOp 
3y = 1050 — 4x; y = 350 — 3 

b. length: about 54 ft, width: about 
278 ft; length: about 209 ft, 
width: about 72 ft 

Wes By Ih =a sb doy 4 2S 

b. about 2.74 sec 


73. ~2. The mean of the solutions is the 


x-coordinate of the 


vertex, The mean of the solutions is 
equal to the graph’s axis of symmetry, 
which is where the vertex lies. 
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74. HOW DO YOU SEE IT? Match each graph with its : 76. THOUGHT PROVOKING Consider the graph of the 


ANSWERS ~ discriminant. Explain your reasoning. i standard form of a quadratic function y = ax* + bx + ¢. 
74, a. C:;The graph has two A Then consider the Quadratic Formula as given by 
i * y 
x-intercepts. Pe OS ee 


hee 2a 


* 


b. A; The graph has one x-intercept. 


. Wr Sei : : 
c. B:; The graph has no x-intercepts. ite a graphical interpretation of the two parts of 
this formula. 


75. about 24.7 ft/sec ; nn nessa nama 


76. x= 2 is the axis of symmetry, 77. ANALYZING RELATIONSHIPS Find the sum and 
a . : oduct or 2 Ve | ee 
Vb2 —4ac. : B 2a 2a : 
and Ia is the Then write a quadratic equation whose solutions have 
horizontal distance from the axis of asum of 2 and a product of 7 


symmetry to each x-intercept. 
78. WRITING A FORMULA Derive a formula that can 


be used to find solutions of equations that have the 
form ax? + x + c = 0. Use your formula to solve 


* 


Ws a, S Sample answer: 
a a 


2 Ag TO —2x2 +x4+8=0. 
a= (G y 
78, »= LEVI ae 197 79. MULTIPLE REPRESENTATIONS If pis a solution of a 
2a quadratic equation ax? + bx + c = 0, then (v — p) is 
SDD a factor of ax* + bx + c. 
79. See Additional Answers. < a. Copy and complete the table for each pair of 
solutions. 
80. a k<x . , : 
hee Soijutions Factors Quadratic equation 
z “ a, Roda s 3,4 (Ge = Stes = 2h) x2—7x+12=0 
c k>a cence ver, 
24 b. b? — 4ac = 0 aa eee : 
wis BL ie 3 OIE So p O29 
c. b? — 4ac <0 | Se ee 
b. k= —30rk =3 : sue 
ee : ae = =i) 
@ =S<k<e3 ; ; ‘ 
Me: 7S. CRITICAL THINKING You are trying to hang a tire b. Graph the related function for each equation. 
82-86. See Additional Answers. swing. To get the rope over a tree branch that is Identify the zeros of the function. 
{5 feet high, you tie the rope to a weight and throw 
it over the branch. You release the weight at a height CRITICAL THINKING In Exercises 80-82, find all values 
Sg of 5.5 feet. What is the minimum initial vertical of k for which the equation has (a) two solutions, 
velocity vg needed to reach the branch? (Hint: Use (b) one solution, and (c) no solutions. 
the equation h = —161? + vot + 59.) 


80. 2x2 +x+ 3k=0 81. x2 — 4kx + 36 =0 


82. ke +5x—-16=0 

. Solve 2x? — 5x + 3 = Ousing the 
Quadratic Formula. x = >and 
x= 1 


Maintaining Mathematical Proficiency Reviewing what you learned in previous grades and lessons 


Solve the system of linear equations using any method. Explain why you chose the method. 
: (Section 5.1, Section 5.2, and Section 5.3) 
. Determine the number of real 


solutions of —x2 — 25 = —10x. 
one real solution 


83. y=-x+4 84. x=16-—4y 
VS2e> 8 3x + 4y =8 


85. 2x—y=7 86. 3x —2y = —20 
dx + Ty =31 x+12y=64 


. Find the number of x-intercepts of 
the graph of y = x? — 7x + 14. 
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Solve the equation. Explain your choice 


of method. 

4, x*— 6x =4 
x=3+V13 ~6.6and 
x =3 — V13 ~ —0.6; The 
coefficient of the x?-term is 1, 
and the coefficient of the x-term 
is an even number. So, solve by 
completing the square. 

ao oS 

X = —3 and x = 5; The equation 
is easily factorable to 
(x — 5)(x + 3) = 0. So, solve 
by factoring. 


lf students need help... 


Resources by Chapter Resources by Chapter 
e Practice A and Practice B | e Enrichment and Extension 
e Puzzle Time ¢ Cumulative Review 


Student Journal 
e Practice 


Start the next Section 


a 
Differentiating the Lesson 


Skills Review Handbook 


512 Chapter 9 


9.4-9.5 What Did You Learn? 


Dynamic Teaching Tools 


Dynamic Assessment & Progress Monitoring Tool 


Core Vocabulary 


Interactive Whiteboard Lesson Library 


completing the square, p. 494 Quadratic Formula, p. 504 discriminant, p. 506 Dynamic Classroom with Dynamic Investigations 
_ ANSWERS 
Core Concepts 1. It provides a quick way to check for 


SeRteOe equations with no solutions. 


Completing the Square, p. 494 2. When a and c have different signs, 


ac 1s negative, so subtracting —4ac 
is subtracting a negative, which is 
the same as adding a positive. 

So, b? — 4ac is positive. 


Section 9.5 


Quadratic Formula, p. 504 
Interpreting the Discriminant, p. 506 


Mathematical Thinking 


1. How does your answer to Exercise 74 on page 502 help create a shortcut when solving 
some quadratic equations by completing the square? 


2. What logical progression led you to your answer in Exercise 55 on page 510? 


Each form of a quadratic function has its pros and cons. Using one 
form, you can easily find the vertex, but the zeros are more difficult to 
find. Using another form, you can easily find the y-intercept, but the 
vertex is more difficult to find. Which form would you use in different 
situations? How can you convert one form into another? 


tai 


To explore the answers to these questions and more, go to 
BigideasMath.com. 


513 
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ANSWERS 


514 


88 + 30V7 
10V3 


Chapter 9 


514 


e Chapter Review 


Properties of Radicals (pp. 465-474) 


a Sealey af aa 


V19 


b. Simplify V27x!". 
VII = W279» x 
=V27 V8. VE 
= 3xe 


c. Simplify ; 
34+V5 
eee IO en 
3+V5 3+V5 3-~—V5 
_ 12(3 - v5) 
3214/5)" 
236 —2V5 
4 
=9 = 35 


d. Simplify 9V6 + V10 + 7V6. 


9V6 + V10 + 7V6 = 9V6 + 7V6 + VIO 
= (9+ 7)V6 + V10 
= 16V6 + V10 


Simplify the expression. 


1, V124 2. V72p7 


3/125x1! Vi5 
a V10 


eee 8. 4V3 + 5V12 
V6 +2 


| 10. 15/2 — 254 


a1. (V7 +57 


Chapter 9 Solving Quadratic Equations 


Dynamic Solutions available at BigideasMath.com 


Quotient Property of Square Roots 


Simplify. 


Factor using the greatest perfect cube factors. 
Product Property of Cube Roots 
Simplify. 


The conjugate of 3 + V5 is3 — V5. 
Sum and difference pattern 


Simplify. 


simplify. 


Commutative Property of Addition 
Distributive Property 
Add. 


O52 7S 


12. V6(V18 + V8) 


ANSWERS 
(8h 3 O57 = 3) 
14. no solutions 


Solving Quadratic Equations by Graphing (pp. 475-484) 


is 3 = el 
Solve x? + 3x = 4 by graphing. és, =3 =i, 1 
Step 1 Write the equation in standard form. GA oR ee 
x? + 3x = 4 Write original equation. 
jar Bea Ad SO Subtract 4 from each sidé.* 


Step 2 Graph the related function y = x? + 3x — 4. 


Step 3 Find the x-intercepts. The x-intercepts are —4 and 1. XN . 
|y =x? + 3x — 4] 
P So, the solutions are x = -4 and x = 1. a eee anne ead 
F(x) = x? + 2x —5 
Solve the equation by graphing. ons Dees aT 
(Eh 32 = Oee s =@ —3.4, 1.4 
14, 2-2 =-4 [flx) = (x + 1x? + 2x ~ 3) gh 18. x ~ 3.46, x ~ —3.46 
— N 19. x=0 


I, ie = Ne = a \\ 
AD, #7 =O, = —10 


21. no solutions 
a —al 
23. x= 1.48,x ~ —1.48 


16. The graph of f(x) = (x + 1)@? + 2x — 3) 
is shown. Find the zeros of f. 


17. Graph f(x) = x? + 2x — 5. Approximate the 
zeros of f to the nearest tenth. 


Solving Quadratic Equations Using Square Roots (pp. 485-490) 


A sprinkler sprays water that covers a circular region of 907 square feet. Find the 
diameter of the circle. 


Write an equation using the formula for the area of a circle. 


A=7r Write the formula. 
907 = ar? Substitute 907 for A. 
90=Pr Divide each side by z. 
+V90 =r Take the square root of each side. 
+3V10=r Simplify. 


A diameter cannot be negative, so use the positive square root. 
The diameter is twice the radius. So, the diameter is 6V 10. 


p> The diameter of the circle is 6V10 = 19 feet. 


Solve the equation using square roots. Round your solutions to the nearest hundredth, 


if necessary. 
Wh Sa 5 = 17 19 14 20. (x + 2)? = 64 
Pal, EBS ob Os) = 75) 22. (x ~ 1)?=0 7&}, WO) S30 = See 


Chapter 9 Chapter Review 515 
i 


—SSSS————E———— ee 
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ANSWERS 
wel, 3¢ SAL se = — 110 


25. yl 
ay 3.45 145 9.4 Solving Quadratic Equations by Completing the Square (pp. 493-502) 
5 oe Sb ee SS Il, 
27. maximum value; 8 Solve x? — 6x + 4 = 11 by completing the square. 
28. minimum value; 7 ve-6rt+4=11 Write the equation. 
29. minimum value; —33 x — 6x =7 Subtract 4 from each side. 
30. 28cm x? — 6x + (-37% =7+(-3)7 Complete the square by adding eer or (—3)2, to each side. 
an c=. e= —% (x - 37 = 16 Write the left side as the square of a binomial. 
32, r=23.x=—-1.8 = byte Take the square root of each side. 
j x=3244 Add 3 to each side. 


33 e— ll 


34, one x-intercept p> The solutions arex = 3+4=7andx=3-4=~1. 


36. two x-intercepts if necessary. 
24. x° + 6x —40=0 2, $2 sb Bese SS dl 26, 2x7 — 4y = 10 


Determine whether the quadratic function has a maximum or minimum value. Then find 
the value. 


35. no x-intercepts | Solve the equation by completing the square. Round your solutions to the nearest hundredth, 
i 
i] 
| 27. y= —x* + 6x -— 1 28. fa + 4y- I] 29. y = 3x2 — 24x + 15 
I 


30. The width w of a credit card is 3 centimeters shorter than the length @. The area is 
46.75 square centimeters. Find the perimeter. 


Solving Quadratic Equations Using the Quadratic Formula (pp. 503-572) 


Solve —3x? + x = —8 using the Quadratic Formula. 
See ae alts) Write the equation. ; 
=i sb sea B=) Write in standard form. 

—h + Vb2 — Agr 
x= ae =P ale Quadratic Formula 

z 2 — Af 32) 
x= l= vena 3)(8) Substitute —3 for a, 1 for b, and 8 for c. 
= ae Simplify. 

0 
5 ‘97 =f = von 
| > So, the solutions are x = ! vA 27 = —|].5andx= ele = 18 


Solve the equation using the Quadratic Formula. Round your solutions to the nearest tenth, 
if necessary. 


Silo War Ae = 15 =) SP, eS see i IG si, @ Oe 42 le = 5 


Find the number of x-intercepts of the graph of the function. 


34. y=—-x? + 6x-9 50 as 56 
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516 Chapter 9 


re 2754 
3. Waow = 
Vv. Ww 4 100023 


10 ae I, (OVS = ie 8. 12V8 + 3V18 


ea 


Solve the equation using any method. Explain your choice of method. 


2, 


12. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


= 12) =@ 10” x2 167 — 110 V1. —2x?+3x+7=0 
x*—7x+12=0 13. SP +3x-4=0 14. (4x + 3)? = 16 


Explain how you can determine, without graphing, whether the quadratic function 
y = —x* — 6x — | has a maximum or minimum value. Then find the value. 


Describe how you can use the method of completing the square y 
to determine whether the function f(x) = 2x? + 4 — 6 can be 
represented by the graph shown. 


The dimensions of a park form a golden rectangle. The shorter side of 
the park is 84 meters. What is the length of the longer side of the park? 


A skier leaves an 8-foot-tall ramp with an initial vertical velocity ae, amie 
Criteria Scorin 
of 28 feet per second. The function h = —16/2 + 281 + 8 | i 
represents the height # (in feet) of the skier after ¢ seconds. The Maximum height 1 point per foot 
skier has a perfect landing. How many points does the skier earn? Mime ten 5 points per second | 
L Perfect landing | 25 points 


An amusement park ride lifts seated riders 265 feet above the ground. The riders are then 
dropped and experience free fall until the brakes are activated 105 feet above the ground. 
The function A = — 16? + 265 represents the height h (in feet) of the riders ¢ seconds 
after they are dropped. How tong do the riders experience free fall? Round your solution 
to the nearest hundredth. 


Write an expression in simplest form that represents the area 
of the painting shown. 


Explain how you can determine the number of times the graph Bi Wa 
of y = 5x — 10x + 5 intersects the x-axis without graphing or - 

Kee : 30x? in. 
solving an equation. 


Consider the quadratic equation ax* + bx = c. Find values of a, b, and c so that the graph 
of its related function has (a) two x-intercepts, (b) one x-intercept, and (c) no x-intercepts. 
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If students need help... If students got it... 


Lesson Tutorials Resources by Chapter 
e Enrichment and Extension 
¢ Cumulative Review 


Skills Review Handbook Performance Task 


BigldeasMath.com Start the next Section 


ANSWERS 


10. 


It. 


WA, 


13. 


14. 


15. 


16. 


17. 
18. 
19. 
20. 
2M. 


22. 


Sey 


WS 
By Wy 
10z 
10V7 
Wl 


-V3-4 
DANS 
33V2 


= lw = le Sonal casa: 
The equation can be written in the 
form x? = d, so solve using square 
roots. 

x = 7,36, x = —1.36; Sample 
answer: a= | and b is even, so 
solve by completing the square. 

LES NL, Se DTS STD 
answer: The equation is not 
factorable and a # 1, so solve using 
the quadratic formula. 

x = 4, x = 3; Sample answer: The 
equation is easily factorable, so solve 
by factoring. 

x= *, x = —1; Sample answer: The 
equation is not easily factorable and 
a # 1,80 solve using the quadratic 


formula. 


poy elas eee Pe : 
ES a Sample answer: The 


equation is in the form x* = d where 

xis a binomial, so solve using square 

roots. 

Write the function in vertex form 

and find the value of a; maximum 

value: 8 

The equation can be put in vertex 

form y = 2(x + 1)? — 8. The 

y-intercept is —8, so the function 

cannot be represented by the graph 

shown. 

about 136 m 

55 points 

about 3.16 sec 

36x3V10x in2 

Use the discriminant to determine the 

number of solutions. 

a. Sample answer: a = 3,b = 2, 
c=-1 

b. Sample answer: a = 3,b = 6, 
c=3 

ce. Sample answer: a = 2, b = 3, 
c=4 
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ANSWERS 

Te AS 

Be ll 

as JD 

4. H 
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ub 
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Standards Assessment 


The graphs of four quadratic functions are shown. Which equation has a negative 
discriminant? (TEKS A.7.A) 


@ fe) =0 
g(x) = 0 
© hw=0 
®D jx) =0 


The population p (in thousands) of Phoenix, Arizona, can be modeled by the function 
p(t) = 0.082? + 17.41 + 421, where t = 0 represents the year 1960. Using the model, 
what will the population of Phoenix be in the year 2030? (TEKS A.8.B) 

&) 1015 @ = 2031 

CD 1,015,000 GD 2,031,000 


. The table represents the numbers of bottles of sports drink sold at a concession stand on 


days with different average tempcratures. You find an equation of the line of best fit. Which 
of the following is a reasonable correlation coefficient? (TEKS A.#.A) 


5 


41 | 48 | 62 | 73 


| 
Bottles of sports drink, y | 8 12 | NG | WO) | ay || ae 


@) -0.99 ~0.12 
© 0.12 ® 


Which equation represents the line that 
passes through (6, —1) and is perpendicular 
to line g? (TEKS A.2.F) 


= 9 
) Jia ae 
GQ yea 
Us 2 
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ANSWERS 


Sb 8 
in € 

5. GRIDDED ANSWER What is the radius (in centimeters) of a cylinder with a height mo 
of 12 centimeters and a surface area of 3207 square centimeters? (TEKS A.8.A) 8. B 


6. Which graph represents a system of equations that has no solution? (TEKS A.3.F) 


7. Which of the following expressions are in simplest form? (TEAS A.11.A) 


lL xV45x 
3f4 
I. 5 
I. 3xV5x 
Iv. 2x2 
©) Jand 1 only @ Iland Il only 
CH 1, IN, and IV only @ IL Il, and IV only 


8. The domain of the function f(x) = 4x — 5 is all integers in the interval —3 < x < 3. 
What is the range of the function? (TEKS A.2.A) 


C) -17, ~13,-9, —5, -1,3,7 =113,=0), =S, =i), 3, 7 


© ~-1l7<xs<7 @) -I3<xs<7 
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Additional Answers 


Chapter I 55. x= 3 i ae 
ce 
1.2 Explorations 1.2 Maintaining Mathematical Proficiency 
Ws se; (xr 2) Pax 5) b (8x + 8) Gx + 15) by Ba eyes 58. 9-2» 
5x + 10) = 540; Write th tion. ’ ; 
i + a i € : : He ra ae — 
Xx = > Combine like oe er 62. b 
25x = 500; Subtract 40 from each side. 
i 63. a 64. b 
x = 20; Divide each side by 25. 65 
» a 


IO 2° "G52 aloke 952 1G: anes , 
f. (3x + 16) + (Bx + 16) + (2x + 8) + (4x — 18) + ve Weems ea aeiiodcling Witte 


(C2se YS) 5 (Cie = 1) = OP Wate due equation. . 


17x + 40 = 720; Combine like terms. 40. Sample answer: 
17x = 680; Subtract 40 from each side. ca 
x = 40; Divide each side by 17. | Ke 
136°, 136°, 88°, 142°, 105°, 113° 
Measure the angles with a protractor. The perimeters are both 6x + 4. 
2. a. Sample answer: 1.3 Maintaining Mathematical Proficiency 


41. —4,|2|,|—4],5,9 
42, —|21|, —16,|—10], 22, |-32| 
43. —19, —18, |—18|, |22|, |—24| 


ess Op Be 
iy Eee noe 1.4 Maintaining Mathematical Proficiency 2 
c. Sample answer: x = 10; 8x, 3x +5, 6x + 5 47. 35 48. 34 Oo 
d. Check students’ work. sae 50. —29 a 
e. Sample answer: (16x + 4) + (6x + 4) + (23x + 2) + SI. x= 9 52. m= 10 = 
(13x + 2) = 360, x = 6; 100°, 40°, 140°, 80°; yes: The angles C apter 4 os 
are close to those measured with a protractor. wv 
3. Use multi-step equations to find the values of missing parts in an 2.2 Monitoring Progress and Modeling with S 
object with the shape of a geometric figure. Mathematics ® 
4. Connecting a vertex with each of the other vertices in a polygon 16. t< —19 bl 
creates n — 2 triangles, each of which has a total angle measure , 
of 180°. -25 =23 -21 -19 ~-17 -15 
5. 8; Solve the equation 180(n — 2) = 1080 for n. Ws pee , 
1.2 Monitoring Progress and Modeling with ere eae " 
Mathematics 
48. Sample answer: 18. y26 
;_— <1 


Student’s 
score 


Class i 92% 
(4) 


Participation 
Homework al 95% 
Midterm Exam 88% 


Final Exam 85% 


Total 90.0% Palle (pas SS Wiley ss si Pe, = 3 2=33 n= =? 
ae 


Component 


__| weight 19. p<i7 


Al, ge —9 


-12 -10 -8 -6 -4 -2 


The student would need a score of 85% on the final exam because 23. n—-9<4;n<13 24. OSn+t 15,n2—9 
92(0.2) + 95(0.3) + 88(0.2) + f(0.3) = 90 25. a. 38 +wS50,w< 12 
pS b. no; The total being added is 14 pounds, which is not a solution 
2 S of the inequality found in part (a). 
Se a 4 26. 19.76 + x>25:x>5.24 
53, ,- 125 +0 54. x= £22 
a a 


Additional Answers Al 


27. The graph is going in the wrong direction. 


28. In the second step, 10 needs to be added to each side: 
=O sr WO sea 2 — OY 4 NOs se 2 I 


29. 33 or more goals 


36. a. no; It is also possible that the number of students with brown 
eyes is greater than the number of students with brown hair. 


b. no; It is also possible that the number of students with brown 
eyes is greater than 10 more than the number of students with 
brown hair. 


c. yes; All students with both characteristics must have brown 
hair. 


d. yes; If H is greater than a number, then H + 10 must also be 
greater than the number. 


e. no; If all students with brown eyes also have brown hair, then 
the values would be equal. 


f. yes; If 7 is greater than a number, then H + 10 must also be 
greater than the number. 


ao Bh SEO 


0 2 4 6 8 10 


bs sem WHT 
17.7 


17.0 17.2 17.4 17.6 17.8 18.0 


38. b,a,d,c 

2.2 Maintaining Mathematical Proficiency 
su), (05 40. 132 

41. 9 42. —4 

43. x=4 44. y=6 

45. s=—104 46. n= —29.2 


2.3 Monitoring Progress and Modeling with 


Mathematics 
27. The inequality should not be reversed when multiplying each 
side by 3 - (-6) >; ° ox; -Bsx =) S re eS =O Ine 
solution is x < —9. 
28. The inequality should be reversed when dividing by —4; 
= 2 = y 2 8; The solution is y > 8. 
29. (14 « 14)c < 700; ft, ft, dollars; 
196c < 700; ft?, dollars; 


c < 3.57; dollars/ft? 
d 


i 
38. G75 < 18,d< 13.5 39. 36p = 12,p 24 
a 
5 
SSS aae 
0 1 2 
2.3 Maintaining Mathematical Proficiency 
40. x=2 41. y= —4 
42, n=1 43. z=6 
16 
44. 85% Gomes 
46. 120% 47. = 


A2 Additional Answers 


2.4 Monitoring Progress and Modeling with 
Mathematics 


39. a=4 40. a=3 

2.4 Maintaining Mathematical Proficiency 
41. 6y < 10 ADA, ip ap 7 Ss DA 

43. ae 18 


2.5 Monitoring Progress and Modeling with 
Mathematics 


29. all real numbers 30. no solution 


~40 -30 -20 -10 0 
3 = 
32. Sample answer: You are biking on a trail. The spot where you 
start on the trail is the 6-mile mark. You bike 4 miles on the trail, 
and then leave the trail for a different path. The graph represents 
where you bike on the trail. 


aR, 7 ap SSS oe Foxe 122 7 SP eS Oe eS Se SP ae eae De ioe 
A value of | does not make the inequality x > 2 true. 
34. a. 50 million < P < 90 million 
b. no; Solving the inequality 50 < K — 125 < 90 indicates that the 
revenue must be between $175 million and $215 million. 


ical Proficiency 


Point A is one unit left and 3 units up from the origin. Point B is 
3 units down from the origin. Point C is 4 units left and 2 units 
down from the origin. Point D is 1 unit left and 2 units up from 
the origin. 

39. 4; The data values are clustered close together. 

40. 2.8; The data values are clustered close together. 


Chapter 2 Test 
ls Skee < Si) 


=A 5 ee ee 0 1 2 3 4 5 6 


Chapter 3 


3.1 Monitoring Progress and Modeling with 
Mathematics 
33. a. Each letter-number combination is paired with exactly one 
food or drink item. 
b. The food item is the dependent variable and the letter-number 
combination is the independent variable. 
ce. domain: Al, A2, A3, B1, B2, B3, B4, Cl, C2, C3, C4; range: 
popcorn, nuts, pretzels, protein bar, granola bar, cereal, energy 
bar, orange juice, water, milk 
34. a. No vertical line can be drawn through more than one point on 
the graph. 
b. Sample answer: 20 ft; 29 ft 


ae 
36. 


OH 


38. 


39. 
40. 
41. 
42. 


43. 


44, 


45. 


46. 
47. 
48. 
49. 
3.1 
50. 
2. 


54. 
56. 


c. Sample answer: 0 <t < 2.6 


d. no; There are many values of h that have two corresponding 
values of f. 


no; A vertical line does not represent a function. 

Sample answer: the score and letter grade on a 10-point quiz; 
The letter grade is the dependent variable and the score is the 
independent variable; domain: 0, |, 2, 3, dt OL, tay, JOR 
range: A, B, C, D, F we 

no; Items that cost the same to make could be sold for different 
prices. 


yes; Each possible selling price would have the same amount of 
tax charged. 


yes; Each student has exactly one homeroom teacher. 
no; Each chaperone has more than one student assigned. 
true 


false; A relation is not a function when an input value has more 
than one output value. 


false; More than one input can have the same output in a function, 
so reversing the values may not produce a function. 


false; Because more than one input can be paired with the same 
output, the outputs could be selected from a finite list. 


a. P=h+ 23 

b. P is the dependent variable and h is the independent variable. 
c. domain: 3 <h < 23; range: 26 < P< 46 

domain: all real numbers; range: y > 0 

domain: all real numbers; range: y <0 

domain: all real numbers; range: y > —6 

domain: all real numbers; range: y < 4 

Maintaining Mathematical Proficiency 

y< 16 Sil, S25 

——— Sib WP ar aS 12 


12] 55. 81 
2) Bi, 2 


3.2 Explorations 


1. 


¢. 27 or about 6.3, 47 or about 12.6, 67 or about 18.8, 87 or 
about 25.1, 107 or about 31.4; 


Chae 


ee 7 ony 
linear; The graph is a line. 
d. wor about 3.1, 47 or about 12.6, 97 or about 28.3, 167 or 
about 50.3, 257 or about 78.5; 


0 see eee ee) ee ee 
0 2 A @ 8 F 
nonlinear; The graph is not a line. 


a2 


50. 


ile 


32; 


ih 


54. 


No vertical line can be drawn through more than one point on 
any of the graphs. 

Sketch the graph of the function. When the graph is a line, the 
pattern is linear. When the graph is not a line, the pattern is not 
linear. 

Sample answer: Distance traveled during a time interval at 
constant speed is linear. Distance traveled during a time interval 
while accelerating is nonlinear. 

Monitoring Progress and Modeling with 
Mathematics 


Sample answer: 


Cost (dollars) 


Number of tomatoes 

The tomatoes are sold for $0.75 each or 3 for $2.00. 

linear; As x increases by 1, y increases by 4. The rate of change is 

constant 

a. Your friend ran farther in the same amount of time; You run 
at a constant rate and your friend does not; Your graph is a 
line, and your friend’s graph is not a line; A person may not 
run at a constant rate because of fatigue. 

b. The domain for both functions is 0 <x < 60; You both run for 
a total of 60 minutes. 

Sample answer: how long it takes an ice cube to melt as a 

function of its temperature in degrees Celsius 

Sample answer: profit (or loss) on the sale of x units at $1 each 

that cost $0.75 to make, plus $50 in fixed costs 
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20 56. 14 
= 2a 58. 4 
60. p=— 
62. y= —¥ 
64. t>—8 
10 -9 -8 -7 -6 ~5 -4 
66. a<—I18 
=) 
=) = =F a5 


Additional Answers A3 


> 
2. 
ao 
= 
0° 
=} 
2 
> 
=} 
a 
= 
@o 
= 
vi 


2S, 


26. 


Po 


; ar + 7x 


= 
t= 4 


30. Master Remodeling; Using the function, the cost for Certified 
Remodeling is $250. The table shows an increase of $30 for every 
increase of 2 hours, so the cost for Master Remodeling is $220. 


31. no; Because the function rule is unknown, it is unknown whether 
an increase in x would result in an increase or decrease in the value 
of the function. 


32. Sample answer: You receive a paycheck between days 0 and 2, 
and then spend some of it between days 2 and 4. 


33. a. d(r) = 2r; 10; The diameter of the circle is 10 feet. 


b. A(r) = ar; 2577 or about 78.5; The area of the circle is 
2577 square feet. 


ce. C(r) = 27r; 1077 or about 31.4; The circumference of the 
circle is 107 feet. 


34. a. It decreases rapidly, then slowly increases. 


b. Sample answer: 425; The school attendance was about 
425 students 13 weeks after the flu outbreak. 


c. Sample answer: 1, 10; The school attendance was about 
400 students 1 week and 10 weeks after the flu outbreak. 


d. Sample answer: about 350 students; about 4 weeks after the 
flu outbreak 


e. Sample answer: about 460 students; The graph does not show 
any attendance values greater than 460. 


2h Bb (G9) 
b. (5, —3) 
36. false; The function could include operations that would not give 
the same result. For example if f(x) = x*, (3 + 4) 4 (3) + (4). 
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40. d<—8ord>—; 


mee ml 
==} Ss 2 
SSCS Saar = Hee 
-6 -4 -2 0 2 -12 -8 -4 0 4 
Al, =I Sis fe 42. vs: 
eal 3 eee 
SSS Sa Oe =) =) @ 2 @ 


3.4 Explorations 
2. e. The intercepts represent the maximum number of pounds of 
each type of cheese you can buy if you only buy one type of 
cheese. 

3. astraight line : 

4. Sample answer: You sold a total of $375 worth of DVDs. You 
forgot to record how many of each type you sold. TV season 
DVDs sold for $30 each and movie DVDs sold for $15 each. 

3.4 Monitoring Progress and Modeling with 
Mathematics 


19. 


20. | 


per 


b. no; If y is odd, then 3y is odd and 54 — 3y is odd. Dividing this 
result by 2 to find x does not produce a whole number. 


0 6 12 18 24 30x “ 
Sample answer: 24 two-point baskets and 2 three-point 
baskets; 9 two-point baskets and 12 three-point baskets 
58. a. The x-intercept indicates 90 students can go if none of them 
choose the meal plan. The y-intercept indicates 60 students can 
go if all of them choose the meal plan. 
b. domain: 0 to 90 students not choosing the meal plan; range: 
0 to 60 students choosing the meal plan 
SY), = 32 6 
60. Sample answer; 2x + 3y = 18; 18 is divisible by both 2 and 3. 
61. yes; x = a can be written as 1x + Oy = a, and y = b can be written 
as Ox + ly = b. 
62. They are multiples of 15; For the intercepts to be integers, k must 7 
be divisible by both 3 and 5. 
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630 = 64. 2 
Z : 

i, =s 66. 3 

3.5 Explorations 

a 4 


> 
o. 
o 
ct 
3 
5 
a 
> 
5 
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28. 


29. The equations locate 2 separate intercepts, not 1; The intercepts are 
8 and 2. 
30. The x- and y-coordinates of the intercepts are reversed; The 
x-intercept is at (5, 0) and the y-intercept is at (0, 2), eas 
52. a. 27; 18; The x-intercept indicates 27 two-point baskets were line; —1; ] 
made if there were no three-point baskets. The y-intercept 
indicates 18 three-point baskets were made if there were no 
two-point baskets. 
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a2; 


lmne: 1+ =4 
In the graph of y = mx + b, mis the slope of the line and b is the 
y-intercept of the line. 
3. a line with slope m and y-intercept b 


a. The value of m affects the steepness of the graph and whether Ban 
the graph rises or falls from left to right. 


b. The value of b affects the location of the y-intercept. 


34. 


y = x — 2; slope: 1; y-intercept: —2 
(2) Sample answer: 


aa 


slope: -5 y-intercept: 3; x-intercept: 15 


a5: 
= 2p — 118 Sleaes 2s waimiaccens —il 
3.5 Monitoring Progress and Modeling 5 
with Mathematics z 
30. E 
<= 
4 
Time (weeks) 
slope: a y-intercept: 12; So, the right index fingernail is initially 
12 millimeters long. 
31. 36. Mae ee, 


Milk sold (gallons) 


0 2 4 6 x 
Price (dollars) 


x-intercept: 0 


slope: —500; x-intercept: 6: So, no milk is sold when the price 
reaches $6 per gallon; y-intercept: 3000; So, the maximum amount 
of milk sold is 3000 gallons. 


A6 Additional Answers 


39. 


47. 


48. 


Depth (inches) 


Time (hours) 
domain: 0 <t< 9; range: 6<d< 10; 
b. slope: > So, ; inch of snow falls every hour during the storm: 
d-intercept: 6; So, there were 6 inches of snow already on the 
ground at the start of the storm. 


80|-— 
60 


40 


Cost (dollars) 


20} + 4 


0 20 20 60 
Miles 
domain: x 2 0; range: c > 70 
b. slope: 0.5; So, the mileage rate is $0.50 per mile; c-intercept: 
70; So, the basic rental fee is $70. 


= 
i 


Cost (dollars) 


0 20 40 60 80 100 10x 
Miles 

The slope of ‘ is greater than the slope in Exercise 38. The 

y-intercept of 40 is less than the c-intercept in Exercise 38. 


Sample answer: the ratio of the rise to the run; the ratio of the 
change in y to the change in x 


Sample answer: 


Distance driven 
(miles) 


Time (hours) 


The first line on the graph represents your family driving 60 miles 
per hour for 2 hours. The second line represents your family not 


driving at all for 1 hour. The third line represents your family driving 


60 miles per hour for 3 hours to complete your trip to the beach. 


49. 


50. 


Silk 


5S: 


3.5 
54. 
56. 
58. 
59. 
60. 


61. 


3.6 


Sl. 


De 


33. 
3.6 
34. 
35. 
36. 


b. ais the y-intercept of g; b is the y-intercept of A 
c. 8 units greater 


a. You commute to school by walking + mile to the bus stop in 


10 minutes, then waiting 4 minutes for the bus, then riding the 


bus for 2 miles in 4 minutes. 


b. The slope of the first part is 0.05. So, you walk at an average 
speed of 0.05 mile per minute; The slope of the second part 
is 0. So, you do not move while waiting for the bus; The slope 
of the last part is 0.5. So, the bus travels at an average speed 
of 0.5 mile per minute. 


k=i 52 
YoY, _ (mx + b) — (mmx, + bd) 
a By = By 
hii 3° (= Tbe, = Ip 
- iy S55) 
Wi, — Tha, 
- i 28) 
mx, — x1) 
~"%- x 
=m 
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as 3 55. no solution 


all real numbers Bo 3S -; 

nonlinear; The graph is not a line. 

linear; The graph is a line. 

nonlinear; As x increases by I, y increases by different amounts. 

The rate of change is not constant. 

linear; As x increases by 2, y decreases by |. The rate of change is 

constant. 

Monitoring Progress and Modeling with 

Mathematics 

a. yes; Distance varies directly with time and the constant of 
variation is 6. 

b. yes; Distance varies directly with rate and the constant of 
variation is 50. 

¢c. no; The graph of 300 = rt is not a line. 


= 


The line passes through the origin. 
b. yes; The scale of the x-axis does not affect the equation of 
the line. 


yes; The constants of variation are reciprocals of each other. 
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Si Explorations b. 


2. Cee Ce nna 


The graph of h is a vertical shrink of the graph of fby a 
factor of > 


3.7 Monitoring Progress and Modeling with 
Mathematics 

13. The graph of / is a reflection in the x-axis of the graph of £ 

14. The graph of / is a reflection in the y-axis of the graph of f. 

15. The graph of # is a reflection in the y-axis of the graph of f. 


16. The graph of / is a reflection in the x-axis of the graph of f. 


Multiplying a constant by a function causes the graph to get closer 
to or further from the axis. 
3. a. C; The graph is shifted down 4 units and further from the 
X-AXIS. 
b. A; The graph is shifted up 2 units and further from the x-axis. 
c. D; The graph is shifted up 4 units and closer to the x-axis. 
d. B; The graph is shifted down 2 units and closer to the x-axis. \ aon a 
4. The graph of g(x) = f(x) + c is shifted vertically from f(x) = x; The transformations are a vertical stretch by a factor of 4 then a 
The graph of h(x) = f(cx) is closer to or further from the x-axis vertical translation 2 units down. 
than f(x) = x. B 
3.7 Lesson Monitoring Progress 
The transformations are a vertical stretch by a factor of 3, then a 
reflection in the x-axis, then a vertical translation 4 units down. 
The transformations are a vertical shrink by a factor of s. then a 
reflection in the x-axis, then a vertical translation 3 units up. 
45. ee 


The graph of g is a horizontal shrink of the graph of fby a 
factor of >: 


The transformations are a vertical stretch by a factor of 3 then a 
vertical translation 5 units down. 


A8 Additional Answers 


SY), 


ba 
HOO ge 1 9G) =3x + 2 


g(x) =f (2x); The graph of g is a horizontal stretch of the graph of 
J by a factor of 3. 
The transformations are a reflection in the x-axis then a vertical 60. 
translation 7 units down. 
es on a 
a on | 
al) = be = 2 y / : 
8(x) = 3f(x); The graph of g is a vertical stretch of the graph of 
, | Hesieut by a factor of 3. 
40)= = 69 = 25; Wve ah oF is a vertical translation 3 units 61. Translate the graph of f(x) = x horizontally 5 units left. 
down of (ne TeONO: oe 62. a. A; reflection in the y-axis 
"ge = eed eh, b. D: vertical translation down 
¢c. B; vertical translation up > 
d. C; horizontal shrink oy 
63. r=2 64. r= a 
i P= 2 66. r= —8 g 
67. when the slope is 1; A slope of 1 occurs when the ratio of the vertical Q 
ean SPN change to the horizontal change is 1, meaning the vertical change and > 
g(x) = —f(x); The graph of g is a reflection in the x-axis of the horizontal change are the same. ; be | 
graph of f 3.7 Maintaining Mathematical Proficiency ¢ 
ae. : 6. ha ® 
ar 
g(x) = 3x + 15 S wi 
ES a2 69. eee orw=sP—£ 
' y 2 
70. x < 17 Wis ses 2 
14 15 16 17 18 19 20 8 9 10 11 12 13 14 
igen ee Wen 2&3 =3L Ib > =1C 
g(x) = f(x) + 6; The graph of g is a vertical translation 6 units up 
of the graph of f. 35~—34~33-32-31-30-29 ~20-15-10-5 0 5 10 
oe Chapter 3 Test 


sone 2 Ri The mess ae is a reflection in the y-axis of the = | a | 
graph of f. The transformation 1s a vertical shrink by a factor of 7 
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10. 


The transformations are a reflection in the x-axis then a vertical 
translation 3 units up. 


1. 3 12. -3 


13. The domain of A is discrete because the number of quarters must 
be a whole number, and the domain of B is continuous because the 
time can be any value greater than or equal to 0. 

14. a. slope: 125; So, the climber ascends at a rate of 125 feet per 

hour; y-intercept: 50; So, the climber began the ascent at 
50 feet above sea level. 

b. (3) can be found by reading the point off the graph or by 
substituting 3 into the function definition; (3) = 425; So, the 
climber is 425 feet above sea level after climbing for 3 hours. 

c. 3.6h; At the top, fx) = 500. Setting 500 equal to 125x + 50 
and solving for x gives the time it takes to reach the top. 

15. The slope of g is twice the slope of f, Both functions have the same 
y-intercept; The x-intercept of g is half the x-intercept of f 

16. 7c 


Chapter 4 


4.1 Explorations 


3. Use the graph to find the slope and the y-intercept, and substitute 
these values into the slope-intercept form. 


4, Sample answer: 


4.1 Monitoring Progress and Modeling with 


Mathematics 
33. y= 4, ct c. slope is 2 y-intercept is 2 
34. your friend; If fis a function, then the line is not vertical. 
a8 
35. y= ars | 


36. a. Sample answer: about 0.22; 8 
b. Sample answer: The approximate U.S. box office revenue 
increased by about $0.22 billion each year from 2000 to 2012 
and was $8 billion in 2000. 
c. Write a linear model in slope-intercept form, then substitute 18 
for x and solve for y. 
(DAE i) = Ip 
=e 
Substitute —1 for xin y = mx + b and verify that y = b — m. 


37. slope = =m; y-intercept = b; y = mx + b; 


A10 Additional Answers 
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38. x = 28 39. no solution 


40. n=0 41. yes; —6 

42. no 43. no 

4.2 Monitoring Progress and Modeling with 
Mathematics 

37. a. C= 80n + 145 
b. $865 

38. a. yes; The total cost increases at a constant rate. 
b. $42; $102 
c. 11 days 


39. Sample answer: Plot the point (4, 1), then use the slope of : to 
find a second point on the graph and draw a line through the 
points; Rewrite the equation in slope-intercept form, then use 


the y-intercept (0, 5) and the slope of : to graph the equation. 

49 

5 

41. Sample answer: point-slope form; The value of the y-intercept is 


unknown. 


40. Sample answer; y+5= 2x =12Dpy = ex ia 


42. a. Sample answer: negative; It appears the line through the two 


points will extend below the x-axis before crossing the y-axis. 
b. Sample answer: (8, 4); (4, i) Use the two points to find the 
slope of the line. Substitute the slope and one of the points into 
y— y, = m(x — x,). Rewrite the equation in slope-intercept 
form and determine the y-intercept from the rewritten equation. 


43. Sample answer: The graph of y — k, = m(x — h) is a translation 
h units to the right and k units upward of the graph of y = mx. 


44. a. BA 
b. B;A 
re, (ERIN 
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>. $0 ee : 


47. 


4.3 Monitoring Progress and Modeling with 2a y= th y=2r—-3 y= ax — 4; 
Mathematics 

30; a. 0.75% 4 166 
b. ~~, yo ee 


ve 


3x + 4y = 6 and 4x — 3y = 12; Sample answer: The lines 
intersect at a right angle. 


b. y=—ix + 2iy =e + 3;y =25x—5: 


¢c. 18; Substitute 60 for x in the equation from part (a) and solve 
for y. 
31. a. Sample answer: slope-intercept form; The slope and 
y-intercept can be easily determined and used to graph 
the equation. 


Bis sy = Oeil eee = ay a= Se Sample answer: The lines 
b. Sample answer. standard form: Substituting 0 for y allows you intersect at a right angle. 


pee ie duatcn tous casily, 4.4 Monitoring Progress and Modeling with 


Mathematics 


34. a. yes; Student B paid a greater registration fee. 


¢. Sample answer: point-slope form; One point can easily be 
substituted into an equation of this form. 
32. a. Sample answer: 2 nights and 10 dog treats, 3 nights and 


5 dog treats b. no; Both graphs have the same slope. 
o 


b. If you do not keep your dog in the kennel overnight you 35. never; Perpendicular lines have opposite reciprocal slopes, so one 
‘a (~) 9 


can buy 20 dog treats. If you keep your dog in the kennel for must be positive and the other must be negative. > 
4 nights, you cannot buy any dog treats. 36. always; The y-axis is a vertical line, and all vertical lines are o.. 
Qo. 
35. 22 + 2w = 60; Sample answer: : parallel. —e 
Suga | Meh 37. sometimes; They are perpendicular when the slopes are negative . 
| 28 ie 9) | reciprocals, otherwise they will not be perpendicular. 5 
26 4 Be =a 
ee 5 4 
22 8 ¢ 
} is | 12 O 
uv 
4.3 Maintaining Mathematical Proficiency 
! ! 
36. = oe = Slias, aa 
7 2 eam eek: 
Sh ae 39. = fe ont oe t 
4.4 Explorations a ay . 2; 2S 0 a 
il 2p pe ee ee = th 4.4 Maintaining Mathematical Proficiency 
. 39. function; Each input value is paired with exactly one output value. 
40. not a function; The input values of —] and 1 are each paired with 
more than one output value. : 


3x + 4y = 6 and 3x + 4y = 12; Sample answer: The lines are 
always the same distance apart. 


b. y= —3x t3:y = —2x + 3; y = -2.5x + 5; 


5x + 2y = 6 and 2.5x + y = 5; Sample answer: The lines are 
always the same distance apart. 
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4.5 Explorations 


L. 


a. Sample answer: 


Ages of Married Couples 


Wife's age 


0 30 35 40 45 50 55 60 65 70 75 80 x 
Husband's age 


y = x; Estimate a line through the middle of the plotted data, 
then use two points on the line to find the equation. 

b. Sample answer: The ages of the husband and wife in a 
married couple tend to be about the same; The equation shows 
they are equal. 


a. Sample answer: 


Ages of American Women at First Marriage 


0 : : : : : ‘ 
1960 1970 1980 1990 2000 2010 2020 
Year 


y = 0.1x + 20.1; Estimate a line through the middle of the 
plotted data, then use two points on that line to find the 
equation. 


b. Sample answer: The median age at which American women 
first marry increases about | year every 10 years. 


c. Sample answer: about 26.1 years old 


4.5 Lesson Monitoring Progress 
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0 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 x 
Temperature (°F) 
positive 
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14. 


Se 


16. 


17. 


18. 


19. 


20. 


All 


22. 
23: 


Mathematics 


oe ae a eR woe 
01234567 8 9 10x 

negative 

a. Sample answer: y = —0.3x + 35 

b. Sample answer: The slope of —0.3 means the birthrate is 
decreasing by about 3 births per 1000 people every 10 years. 
The y-intercept of 35 means in 1960 the birth rate was about 
35 births per 1000 people. 

a. Sample answer: y = 20x 

b. Sample answer: The slope of 20 means the server’s earnings 
increase by about $20 per hour. The y-intercept of 0 means the 
server makes $0 if he doesn’t work. 


Sample answer: 


Weight of car 2400 | 2500 | 2900 | 3000 
(pounds), x 


Gas mileage 


(mpg), y 

Weight of car | 4499] 350013700 | 5100 
(pounds), x 

Gas mileage 30 74 71 16 
(mpg), y 


no; Because both variables are decreasing, the data show a positive 
correlation. 


a. Sample answer: 


Arm span (cm) 
a 
oO 


ss 
uw 
So 


"49 40 : 150 160170 180 : 
Height (cm) 

b. Sample answer: The slope of | means a person’s arm span 
increases by about | centimeter for every 1 centimeter increase 
in height. The y-intercept of 0 has no meaning in this context 
because the height cannot be 0. 


Sample answer: The number of students y in a school club x years 
after the club was founded. 


Sample answer: When the data are from two sets such as age 
and time. 


Sample answer: (2,5), (9, 57), (12, 99), (15, 102) 
no; The data points do not have a linear trend. 


24. 


ee 


nia fis j-9 [-a 3 9 145. tex! 


no correlation; no; The data points do not have a linear trend. 
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4.6 Explorations 
3. 5 

& 95 . 

@ 90} . 

ae 

3 80 
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aA ww 
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13 14 15 16 17 18 19 20 21 x 
Chirps per second 


y = 3.27x + 25.0; about 87.1°F 


4.6 Monitoring Progress and Modeling with 
Mathematics 


26. a. B; The points appear linear with a positive slope. 
b. C; The points appear linear with a negative slope. 
c. A; The points are scattered. 
d. D; The points appear somewhat linear with a positive slope. 
27. a. y = —0.08x + 3.8; r = —0.965: strong negative correlation 
b. The slope of —0.08 means the GPA decreases by about 


0.08 for every hour spent watching television in a week. 
The y-intercept of 3.8 means that a student who watches no 
television has a GPA of about 3.8. 


@, 47 


Sample answer: no, The time spent watching television does 
not determine GPA. 


28. yes; This point is an outlier. 
29. a. 2863 people; 5149 people 
b. relatively accurate at 9 min, but not accurate at 15 min. 


30. Sample answer: 


Number of people 
at Beach 2 


°o 200 400 600 800 x 
Number of people 
at Beach 1 
As the number of people at Beach | increases, the number of 
people at Beach 2 also increases; possible r = 0.99; There is not 
a causal relationship; Warm weather and holidays will increase 
the number of people at both beaches, but the number of people at 
Beach | does not determine the number of people at Beach 2. 


31. 


a. y = 513.5x — 298; r = 0.986; strong positive correlation 


b. no; The year does not determine the number of text messages 
sent. 


2Sesn ASS MIS SO, 63.5 


residual 


The equation y = 513.5x — 298 is a good fit. 


d. Sample answer: part (a); The correlation coefficient is a single 


value, which is easily interpreted where as interpreting the 
scatter plot of the residuals is more subjective. 
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32. nonlinear; The rate of change is not constant. 


33. linear; The rate of change is constant. 


4.7 Monitoring Progress and Modeling with 
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ie 


23% 


24. 


Se 


26. 


2c 
29: 
31. 
43. 


44, 


Mc 


2h Dope, ia 
16]- 8; 
14 al 
12 6 
10 | - 5|- 
8 4} 
6}. 3} 
4p 2p 
2} We 
0 0 
not an arithmetic sequence; Consecutive terms do not have a 


common difference. 


arithmetic sequence: Consecutive terms have a common difference 
of 7. 


arithmetic sequence; Consecutive terms have a common difference 
Oi — IS, 


n 


ot an arithmetic sequence; Consecutive terms do not have a 


common difference. 


arithmetic sequence; 13 28. not an arithmetic sequence 


n 
4 
a 


ot an arithmetic sequence 30. arithmetic sequence: —6 
. 6, 8, 10; yes; Consecutive terms have a common difference of 2. 


OOC 


a regular 22-sided polygon 


oS OS 


a circle divided into 40 equal sections 


arithmetic sequence; Consecutive terms have a common 
difference of 2x. 


not an arithmetic sequence; Consecutive terms do not have a 
comnion difference. 
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4.7 Maintaining Mathematical Proficiency 
58. 2 59. + 
60. -3 
Chapter 4 Test 
15. a. 0.08x + 0.04y = 5 

b. Nia ieee 


c. Sample answer: 20 yards of organza ribbon and 85 yards 
of satin ribbon, 30 yards of organza ribbon and 65 yards of 
satin ribbon, 40 yards of organza ribbon and 45 yards of satin 
ribbon, and 50 yards of organza ribbon and 25 yards of satin 


ribbon 
Chapter 5 
Chapter 
1 
Be wns 5 ih 7S al 
5 9 tt 
or ie ISS Com i i ah =G =d =2 © 
® 2 mf Gf f 
qs @EY oS.) 253 
9 3} 
tot ttt <_—OE eee 
} £@ 8 {2 16 ® 2 A GB FB 
9. k<6 lh, yp 2=—3 
OH -3 


11. The two lines intersect. 
5.1 Explorations 
Deas 


| x (nights) 6 
C (dollars) | 690 | 705 
R (dollars) | 450 


A114 Additional Answers 


5 


30. 


ali 


32. 


33. 


De 


5.2 


31. 
32: 


33. 
34. 


35 
Bee 
36. 
38. 
40. 


Monitoring Progress and Modeling with 
Mathematics 
aoe it | 


Balance (dollars) 


Time (months) 
Sample answer: y = 20x + 280; The slope of the line is 20. 
This means you deposit $20 each month. The y-intercept is 280. 
This means you opened the account with $280. 


a =o 

b. @G,5) 

c. The equation in part (a) shows that the 2 values of y in the 
system in part (b) are equal. The x-coordinate of the solution of 
the system in part (b) is the solution of the equation in part (a). 

a. 20, 35, 50; Two of the lines intersect at the points where the 
number of binders is each of these values. 

b. Each of these values is the x-coordinate of the solutions of the 
systems of linear equations formed by each pair of equations. 

a. y = Sxandy = 3x+3 


Distance (miles) 


Time (hours) 


b. no; The point of intersection does not occur at x = 1. 

Explorations 

d. (3, 2); Sample answer: The second equation can be solved for 
x easily. 

e. (1, —3); Sample answer: The second equation can be solved 
for x easily. 

f. (—1, 3); Sample answer: The first equation can be solved for 
y easily. 

Monitoring Progress and Modeling with 

Mathematics 

Sample answer: y = —3x + 4andx + y = 6 

By (4, 5) 

b. yes; Write an equation of each line. Then solve this system of 
linear equations using substitution. 

144 pop songs, 48 rock songs, 80 hip-hop songs 

Sample answer: x + y = 13 and 25x + 10y = 265, x = number of 

quarters and y = number of dimes 


47 

Maintaining Mathematical Proficiency 
sue = ILI aye = 18 

= 28 a), Skil ap 5) 

22m — 4 41. 64v 


5.3 Monitoring Progress and Modeling with 5.5 Monitoring Progress and Modeling with 


Mathematics Mathematics 
32. Equation | can be rewritten as Equation 3 by adding 2(x + y) to 37. x= 10 

the left and 2(6) to the right, and Equation 3 can be rewritten as 38. Sample answer: initial value $22,500, decrease in value at a rate 

Equation | by subtracting 2(x + y) from the left and 2(6) from of $2000 per year 

the right. Because either system can be rewritten as the other, 39. a. negative 

System | and System 2 have the same solution. b ‘age 

ee oe - positiv 
33. 4.5 qt of 100% fruit juice, 1.5 gt of 20% fruit juice +e : Aes . = 
: d : a 5.5 Maintaining Mathematical Proficiency 
34. 5 mi/h 
: ; E 5 1 

35. (—5, 4, 2); Sample answer: Subtract Equation 2 from Equation 1. a Se ea el =¢5 24) ag So 

The resulting equation only has 1 variable, y, so use it to solve for oO 2 # 6 8 

y. Substitute this result in Equation 3 and solve for x. Substitute the 42. 9 43. =G 

values of x and y in Equation 2 and solve for z. — HH ee 

0 4 8 12 16 -16 -12 -8 -4 0 


5.3 Maintaining Mathematical Proficiency 
: q : 44. The graph of g is a horizontal translation 2 units left of the graph 
36. no solution 37. t= % one solution ony 


RS Ene aaution 45. The graph of g is a reflection in the x-axis of the graph of f. 


39. all real numbers; infinitely many solutions 46. The graph of g is a horizontal shrink of the graph of fby a factor 
1 


40. y= -2x +7 41. y=5x+6 al 
Ree! ae 
42. ya arty 47. The graph of g is a horizontal translation 1 unit right of the graph 
5.4 Explorations of f. 
1. a. C= 450 + 20x; R = 20x 5.6 Explorations 


5. Sample answer: You want to spend no more than $15 at the deli 
for bologna at $2.99 per pound and cheese at $1.99 per pound. 
C (dollars) How many pounds of each can you purchase? 


x (skateboards) 


> 
R (dollars) 5.6 Monitoring Progress and Modeling with = 
— Mathematics = 
x (skateboards) 5 eal 7 22. See aETs ma 23. 5" 
C (dollars) 550 | 570 | 590 — 3 
R (dollars) 100 120 | 140 | > 
b. never; Both cost and revenue increase at the same rate, but S| 
have different initial values. ¢ j 
5.4 Monitoring Progress and Modeling with mn) 
Mathematics u 
27. yes; The system of equations 150c + 80b = 22,860 and 24. 


170c + 100b = 27,280 has a solution. 

28. Sample answer: y = 2x,y = 5%, andy = -x + 6 

29. one; The lines have different slopes, so they will intersect at 
exactly one point. 

30. a. Sample answer: 40m 


b. yes; The lines that represent Team A and Team C’s runners 
have different slopes, so they will intersect. 


c. no; The lines that represent Team A and Team B’s runners have 6 
the same slope, so they will never intersect. fF 


31. a. never; The y-intercepts are different, so they can never be 
equations for the same line. 


b. sometimes; When a = Bb, the lines are parallel and there is no 
solution. 


c. always; When a <b, the slopes are different and the lines 
intersect at one point. 


32. no; The system 3x + 2y = 38 and 15x + 10y = 190 has infinitely 
many solutions. 


5.4 Maintaining Mathematical Proficiency 
33. (8, 2) aul (2, =) 
S66 (G4, =2) 
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47. 


A16 


oN) 


U 


31. The line should be dashed. 
Ne ae hy Sea 


The wrong half-plane is shaded. 


Ye 


Broken pots 


ONN NNN WW www ds 
ON SPAWON AAO OS 
cooococoocoeocce gs 
iS) iS) S) fs) 1S) (=) fey 1S) ts) ts) tS) 


Unbroken pots 


Sample answer: (2400, 100), The company can deliver 
2400 unbroken pots and 100 broken pots; (3000, 200), The 
company can deliver 3000 unbroken pots and 200 broken pots. 
20x + 25y 2 800 

Y {Sa tints i e'y Sings 

80F- = 


0 20 40 60 80x 
T-shirts 


Sample answer: (40, 10), The store can sell 40 T-shirts and 
10 skirts; (20, 30), The store can sell 20 T-shirts and 30 skirts. 


Additional Answers 


48. a. 75x + 40y < 1800 


49. 


SiO), 


wil. 


2. 
Sisk 


5.6 
BSc 
Sih 
Self 


16. 


18. 


Small boxes 


Large boxes 


Sample answer: The number of boxes must be a positive 
whole number. It is also unlikely for | person to carry 45 boxes 
onto an elevator. 


no; You cannot use (0, 0) as a test point when itis onthe | 
boundary line. 


a. 
b. 
© 
d. 


Cc 
A 
D 
B 


A test point on the boundary line is not in either half-plane, so it 
will not indicate which half-plane to shade. 


Sample answer: y>—x + | 


54. y<3xt5 


{ 
gl. 4 
Vee ; a 
-b=16)- > + 


iow i ee aaa 


(-7, 19) 


Maintaining Mathematical Proficiency 


40, 48, 56 py 20) — 2, = 
GY 9 il 
= ibe, =2 58. 23,0 


Monitoring Progress and Modeling with 
Mathematics 


200 


Ca , ‘ 
Ye A 


19. 


21. 
23. 
24. 
25. 
26. 
39. 


40. 


41. 


42. 
43. 
44, 
45. 


46. 


47. 


ee 


2 || anal v< 3 22 pe 2 anda 

y = ix —2andy> = oer 2 

WS Suesh || antl ys ze — 2 

VS Be = Il ail p< =D = s 

y > qxandy 24x -2 

Sample answer: You receive a $50 gift card to an online retail 
store. Movies cost $20 each and songs cost $1 each. You want to 


purchase at least 12 items. How many of each item can you buy?; 
20x + y $50 andx+y2> 12 


i “ao 


Movies 


no; The half-planes could overlap depending on which side of the 
boundaries they are on. 


no; The solution of each inequality is a half-plane, and so the 
intersection can be at most a half-plane. 


Sample answer: x >2 and y > 3 
Sample answer: x > 2 and y< —4 
Sample answer: y>2and y < —2 
a. Sample answer: —4x + 2y<6 
b. Sample answer: —2x + y>3 


Sample answer: T-shirts cost $5, sweatshirts cost $20, gift 
certificate is worth $80, want to buy at least 6 shirts; 
5x + 20y S$ 80 andx + y >6 


Sweatshirts 


5 Se Los. 
T-shirts 


Sample answer: x > 4,x S$ 4,y > 5,andy <5 


48. 


5.7 
49. 
Sil, 
58% 


SS: 


a. 0.5x + 0.25y < 20, 2x + 3y 


Y ae 


Key chains 


0 10 20 30 40 50x 
Necklaces 


b. (0, 0); (0, 40); (30, 20); (40, 0) 
c. $0, $320, $460, $400; (30, 20) 
Maintaining Mathematical Proficiency 


45 A, (Hise 
rs 52. y=x-—6 
Y= Be sr SS 54. y=-i-1 


3 


Chapter 5 Test 


12. 


13. 


14. 


a. no; There are infinitely many solutions for the system of linear 
equations that represents this situation. 

b. yes; The equation representing the receipt and either of the 
equations from part (a) form a linear system that has a single 
solution. 

c. $3.55/gallon of gas, $5/quart of oil 

can be quick when an estimate is sufficient: does not always give 

exact answers 

a. 12x + 3y < 60 


CO ge eee 3 le el Sy 
Trophies 
Sample answer: (2, 8); You can buy 2 trophies and 8 medals. 
b. 12x + 3y $ 60 andx + y 2>6 
1 ie A ee 


0 1 2 5) 4 5) £e 
Trophies 


Sample answer: 2 trophies, 6 medals 


no solution; The lines have the same slope but different 
y-intercepts, so they are parallel. 
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Chapter 6 a 


6.1 Monitoring Progress and Modeling with 
Mathematics 
69. a. Whena> | andn<0, a" <a~" because a” will be less 
than | and a~” will be greater than 1. When a> | andn = 0, 
a" = a" = |, because any number to the zero power is I. 
When a> | andn > 0, a" > a~” because a” will be greater 
than | and a~” will be less than 1. 
b. When0O<a<1andn<0,a" >a", because a’ will 
be greater than | and a~” will be less than 1. When 
O0<a<landn =0, a" = a~" = |, because any 
number to the zero power is |. When 0 <a< | and 
n>0, a" <a" because a” will be less than | and a” will be 
greater than 1. 
6.1 Maintaining Mathematical Proficiency 
WW, S Hk =o 
Ts 
73. natural number, whole number, integer, rational number, 
real number 
74. rational number, real number 
75. irrational number, real number 4. 
6.2 Explorations 5. 
2. d. Sample answer: 4.0; E; 65 is between 4° = 64 and 5° = 125, 
and E is the only point on the graph between 4 and 5. 
e. Sample answer: 3.8,D;55 is between 33 = 27 and 4° = 64, 
and D is the only point on the graph between 3 and 4. 
f. Sample answer: 5.2; F; 20,000 is between 5° = 15,625 and 
6° = 46,656, and F is the only point on the graph between 
5 and 6. 

3. Find what real number multiplied by itself 7 times gives you that 
number. If that is not possible, determine which nth powers the 
number is between and estimate the decimal part. 

4. about 512.7 mm 

6.2 Monitoring Progress and Modeling with 
Mathematics 

60. sometimes; true when x = 0, x = —1, or x = 1, otherwise false 

61. sometimes; false when x = 0 because division by 0 is undefined 

62. sometimes: true when x = 0 or x = 1, otherwise false 

6.2 Maintaining Mathematical Proficiency 

63.72) > 16 Or 10: 7G 


A18 


w(—3) = 14; w(0) = —1; w(8) = —41 


. M=3y = 16 AO) = 13 es 
- BCS 83 20) = 16 Re sd 


Explorations 
IG, 4 2, I. > 16, 4, 1, 7 i a yes; AS the exponent increases by 
a constant amount, the base is multiplied by itself the same number 


of additional times. 


Additional Answers 


Both are curved and do not intersect the x-axis; The graph from 
Exploration | is increasing, the graph from Exploration 2 is 
decreasing. 


Sample answer: curved shape, docs not intersect the x-axis 
I ee ages ae 


6.3 


we 


yes; They have the same general curved shape, and they do not 
intersect the x-axis. 


Lesson Monitoring Progress 


The graph of fis a vertical stretch by a factor of 2 and a reflection 
in the x-axis of the graph of g(x) = 4°. The y-intercept of the graph 
of f, —2, is below the y-intercept of the graph of g, 1. The x-axis 

is an asymptote of both the graphs of f and g; domain: all real 
numbers, range: y <0 


neta oe oa 


fae Ni nine | 
The graph of fis a vertical stretch by a factor of 2 of the graph 
of g(x) = (ay. The y-intercept of the graph of f, 2, is above the 
y-intercept of the graph of g, 1. The x-axis is an asymptote of both 
the graphs of fand g; domain: all real numbers, range: y > 0 


6.3 Monitoring Progress and Modeling with 
Mathematics 
26. Gee fy 


The graph of fis a reflection in the x-axis of the graph of 

8(x) = 4*. The y-intercept of the graph of f, — 1, is below the 
y-intercept of the graph of g, 1. The x-axis is an asymptote of both 
the graphs of fand g; domain: all real numbers, range: y <0 


27, 


The graph of fis a vertical stretch by a factor of 2 and a reflection 
in the x-axis of the graph of g(x) = 7*. The y-intercept of the graph 
of f, —2, is below the y-intercept of the graph of g, 1. The x-axis 

is an asymptote of both the graphs of fand g; domain: all real 
numbers, range: y <0 

28. wake AY Oh Pg 


The graph of fis a vertical stretch by a factor of 6 of the graph 

of g(x) = (5). The y-intercept of the graph of f, 6, is above the 
y-intercept of the graph of g, 1. The x-axis is an asymptote of both 
the graphs of fand g; domain: all real numbers, range: y > 0 


29) 


The graph of fis a vertical shrink by a factor of b of the graph 
of g(x) = 8*. The y-intercept of the graph of f, 5. is below the 
y-intercept of the graph of g, 1. The x-axis is an asymptote of both 
the graphs of fand g:; domain: all real numbers, range: y > 0 


Additional Answers A19 


= 


> 
2. 
a 
o 
) 
5 
3 
> 
5 
ww 
= 
© 
Lon 
4) 


30. 
The graph of fis a vertical stretch by a factor of ; of the graph 
of g(x) = 0.25*. The y-intercept of the graph of f, 3, is above the 
y-intercept of the graph of g, 1. The x-axis is an asymptote of both 
the graphs of f and g; domain: all real numbers, range: y > 0 
31. ese py ni pao f eeae ey aul Rigi ieee ete 
a2. 
asymptote: y = 0; domain: all real numbers, range: y > 0 
45. a y=11(7.1) 
220000 
) 6 
0 
b. about 10.1 million views 
46. a. y= 15(1.7)* 
130 
) 5 
0 
b. about 362 coyotes 
51. When a is positive, it causes a vertical stretch or shrink on the 
graph. When a is negative, it causes a vertical stretch or shrink 
and a reflection in the x-axis on the graph. 
52. Sample answer: f(x) = 4 ~? 
BBL GA) = 58> 2 4b al 
54. a. 2 weeks 
b. The stock price drops $30. 
Be, = {le 
A20 Additional Answers 


56. 


Sie 


6.4 


61. 


65. 


66. 


67. 


68. 


6.4 
69. 
7A 
72. 


TB 


74, 


Sample answer: The number of bacteria, y, in a Petri dish after 

x hours is modeled by y = 100(16)*; The constant 100 indicates 
that there were 100 bacteria in the Petri dish at the beginning, and 
the constant 16 indicates the number of bacteria is 16 times greater 
every hour. 


fGen h) = doo = pale [AOE se 10) bh 
f@) ab* b* 
g(x) = 5SQ2Y¥ 59. Sample answer: y = 8(2)* 
Maintaining Mathematical Proficiency 
0.04 61. 0.35 
1.28 ((, 25 
Explorations 
b. 
Time (h) A 
Temperature 
difference (°F) 
Body 
temperature (°F) 
Time (h) 4 5) 6 | 
Temperature 
difference (°F) DSS) || 230) || 207) 
Boe 85.5 | 83.0 | 80.7 
temperature (°F) 
about 6 P.M. 
Monitoring Progress and Modeling with 


Mathematics 


b. All three functions indicate the initial amount of ibuprofen in 
a person’s bloodstream is 800 mg. The first function indicates 
the amount of ibuprofen in a person’s bloodstream decreases 
by about 29% each hour. The second function indicates the 
amount of ibuprofen in a person’s bloodstream decreases by 
about 0.57% each minute. The third function indicates the 
amount of ibuprofen in a person’s bloodstream decreases by 
about 15.7% each half-hour. 

Sample answer: y = 5(1); Any power of one is 1, so this is a 

constant function equivalent to y = 5. 

Sample answer: account 1: 4% compounded annually, account 

2: 8% compounded quarterly; y = 1000(1.04); y = 1000(1.02)*; 

account 2; Graphing both functions shows the balance is always 

greater in account 2. 

no; The discount is 20% of the preceding day’s price, not always 

the original price, so the amount of the discount is less each day. 

a. As ft increases by |, y is multiplied by 2; 100% 

b. The graph of g is a vertical stretch of the graph of f k = 4 

ce r=2 

Maintaining Mathematical Proficiency 


x=-—3 AL ¢==2 
r=5 
arithmetic sequence; Consecutive terms have a common difference 


of —6. 
not an arithmetic sequence; Consecutive terms do not have a 
common difference. 


not an arithmetic sequence; Consecutive terms do not have a 
common difference. 


75. arithmetic sequence; Consecutive terms have a common difference 


of 10. 


6.5 Lesson Monitoring Progress 


ee 


6.5 Monitoring Progress and Modeling with 


Mathematics 
21. 1,-2.2 


9 


~ 100 F (2, weil 


25. a, = 2(4)"~ |; 2048 
27. a, = —H(2)'~ 1; —4 


26. a, = 0.6(—5)"~ |; -1875 
28. a, = 0.1(9)" >}; 5904.9 


29. 
30. 


os 
50. 


Sill, 


BY, 


58h 
54. 


6.5 
5s 


56. 


6.6 


HSS 
Ss 
17. 
19. 
21. 
PP 
47. 
49. 
sill. 
52) 


56. 


Mo 


58. 


Si) 
6.6 
60. 
62. 


64. f(x) = 3x 
66. f(x) =5 


a, = 7640(0.1)"~ !: 0.0764 


= ( ee : = 2-1) 
re ee ei c= 05-0)" 1) 3888 
] 


ay = 224(5)" - ‘; 7 33. 16 teams; 8 teams; 4 teams 
a. a, = 0.01(2)"~! 

b. $167,772.16 

c. live on campus; By the end of the month, she will be paying 


over $5 million. : 

2048, 1536, 1152, 864, 648 

a, = 2048(3)" 

¢. never; An exponential function approaches 0), but never 
actually equals 0. 


oP 


2; Putting the values in a spreadsheet and calculating the sum after 
each term is added shows that the sum approaches 2: 


1a © 4 
DUG 32 Neue og a 


Sample answer: 1, ~2,4, —-8, ... 
a, = 23)" = 1, b, = Sp 1 
a. no 


Sample answer: 


b. yes; It is the quotient of the common ratios of each sequence. 
Maintaining Mathematical Proficiency 

yes; The residual points are evenly dispersed about the horizontal 
axis. 

no; The residual points are not evenly dispersed about the 
horizontal axis. 

Monitoring Progress and Modeling with 
Mathematics 

Gy = 7. Gy = a, — 4 2 14. a, = 8,4, = 3a, _, 

a, = 243,a, = 5A, 1 16. a, =3,4,=a,_,+8 

@ = 0,@,=G@,.) = 8 18. a, =5,a, = —4a 
20. a, = 35,4, =a coal al 


1) cells 


cs le, Sea 


ay = | Gell, @, = Cay — 


a = 45in., i = (a, =i ul in. 

NOS SGG 48. —6; —1296; —10,077, 696 
=O oe = Sib, Sess pst 

lise = 155 = 10 


a. a; = 2.5 cm, a, = 3.5 cm, a, = (a4,_, + a, _ 1) cm 


Eas 


b. Sample answer: 2.7 cm, 2.4 cm, 2.5 cm, 8.5 cm; no; They do 
not follow a pattern. 


Each row begins and ends with 1, and each term is the sum of the 

two terms above it in the previous row; a, , = 1a, , = 1, 

Ginn ~ Ay — Layee | 7 amin —1 

a. Substituting » — | for # in the explicit rule that defines an 
arithmetic sequence results in this expression. 

b. Write the equation; Identity Property of Addition: Additive 
Inverse Property; Associative Property of Addition: 


Distributive Property; Substitution Property of Equality 


no; The sequence is a geometric sequence with a common factor of 


—I, so it can be represented by a, = —5,a, = —a, _ . 
th = 38, = G4 we 

Maintaining Mathematical Proficiency 

17x Ol, oy = 5 

(il <= 7 63. 8m +3 

65. f(Q) = —-ix-1 

67. f(x) = 2x —-—7 
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Chapter 6 Test 
is S75 
1; 0.99988; 0.012% 


16. a. 


b. Atmospheric Pressure 


f=) 

Shs 
| 
| 
aI 
4 
i 


© 
N 
ui 


= 
in 
ro) 


fy = (0.99988)*}}- : 


Pressure (atmospheres) 
a 
NO 
uw 


A ahve cc eee a) mt 
0 1000 2000 3000 4000 5000 x 


Altitude (meters) 


about 0.549 atmosphere 
17. agp 1 2 ya, = Wa, 2a 
b. Day7 


Chapter 7 


7.1 Monitoring Progress and Modeling with 
Mathematics 


59. a. no; The product of two negative integers is always a positive 


al 


integer. 
b. yes, The sum of two whole numbers is always a whole number. 
60. a. x2 — 2x; x2 — 12x; 2x2 — 14x 

b. 520 ft? 

e. 1.3 gal; Divide the total area of the deck by the area that can 
be covered by | gallon of sealant to get the amount of sealant 
needed. 

(Hl, 2, Jee? = ey: 
b. $14,310 
7.1 Maintaining Mathematical Proficiency 
(2, Siear a 63. 34y — 34 
64. 22r—-—1 
7.2 Explorations 


3. Multiply each term in one polynomial by each term in the other 
polynomial, then combine like terms. 


4, Sample answer: (x + 1)(« — 2) =x? -x-2 


7.3 Monitoring Progress and Modeling with 


Mathematics 

44. Sample answer: Increase both dimensions by 2, which can be 
modeled by A = (x + 2)*; Decrease both dimensions by 3, which 
can be modeled by A = (x — 3); Increase one dimension by 4, 
and decrease the other dimension by 4, which can be modeled by 

= (Gi ae AiGe = 2b), 

45. k=64 

46. x3 + 3x2 + 3x + 1523 + 6x2 + 12x + 8; 03 + 302) + 3ab2 + BS 

47. Sample answer: a=3,b=4 


7.3 Maintaining Mathematical Proficiency 
| 1 
48. 103 49. 2 


A22 Additional Answers 


] 


50. — Sl, == 
27218 4y2 
7.4 Vocabulary and Core Concept Check 
1. Multiply the quotient by the divisor and add the remainder. The 
result should be the dividend; Sample answer: Check the result of 
Example 5: 
(3x — 4) — 2) + 12 = Gx? — 10x + 8) + 12 
= 3% = a Oe 
7.4 Monitoring Progress and Modeling with 
Mathematics 
35:55, anal 3p eee 
ie = 3 ae se 2 
ONE ap one = WY 
Gif, Stl SP 28. —2 + —{——_ 
Sy = Zia 2 = Die te Bhs . 
2. ie 30. 2-7 +e 
Seal 4 
ny) eich ks 22, ee 
36 a) Sear 3) 
ie 3 
a8 ey er 34. 2x + | + —~ 
Z Meee 
eo as 16. 
x+4 ear II 
10 
45.) Dye bo eT It of the | 
x oe ap eae. he result of the long 
division problem is ; of the result of the synthetic division 
problem; The divisor of the long division problem, 3x + 6, is 
3 times the divisor of the synthetic division problem, x + 2. 
6, 3x2 Gy ee yen ear ane 
x+4 
polynomial and x + 4 is a binomial of the form x — k, where 
k= —4, 
47. 9 
7.4 Maintaining Mathematical Proficiency 
48. 6(2y — 3) 49. 9(r + 3) 
SI, TIS ae Se) Sil, KBs = Dy) 
52. p=9 53. z=—-17 
54. c= —42 sso k=O 
7.5 Explorations 
fee 
a. | (x - 1)(x - 2) = 
b. | (x —2)(x — 3) =0 
c. | O« — 3) - 4) =0 ae 
1 [acancaee [epee peer 
. [ecaenone [rlelefela |r 
« [ecowvee [rLelelele ba] 
If the product of two values is 0, then at least one of the values 
must be 0. If @ — a) is a factor of an equation, then x = a is 
a solution. 
5. b; It describes what happens when you have a product that is equal 


to zero; It is used to solve polynomial equations by setting each 
polynomial factor equal to 0. It is important because it provides an 
easy way to solve polynomial equations. 


7.5 Monitoring Progress and Modeling with Le ea 1)*s yes, square of a binomial pattern 
Mathematics Ae) OEE 

45. no; Roots will occur if x2 + 3 = 0 orx* + 1 = 0. However, 
solving these equations results in x* = —3 or x* = —1, and even 
powers of any number cannot be negative. 

46. Sample answer: (x — 1)?(x — 2)(x — 3) 

47. a. x=—y,x =iy 
b. x = +y,x = —4y = 

7.5 Maintaining Mathematical Proficiency 

48. 1, 10; 2,5 AW), il, lle 2, 88 3. © 

SI I, ORB, Se 3), Oe S, © Sil, il, ae 2 Dale 3). ey 4h WE 

SY, Il, 302 2, ike 3), ee ah, Se, © 

58> Il, 528 2, Ho, al, 13) 

7.6 Maintaining Mathematical Proficiency 


iS 


54. Sample answer: 10x — 6y = —14, 15x — 9y = —21 ee = 22x ~ 

55. Sample answer: —x + 3y = 5, —4x + 12y = 20 

7.7 Monitoring Progress and Modeling with 
Mathematics 


29. = es 30. x=-3,x=4 

= 25,0) = l = 
31. yp Ng 32. LESS 
38h, 8 (Gre = Dit 


b. Substitute 3 for x into the expression for the area 


~ no, not a special pattern 


15x? — x — 2, then simplify: Substitute 3 for x into the 2. > 
expressions for the length (Sx — 2) and width x + 1), o. 
simplify each, then multiply these two numbers. e. 
42. a. zm m4 
=} 
os 
> 
=) 
S 
iv) 
— 
Ww 
b. 
| = as = Q 
3x2 — 2x — b= (@— DBxt 1) 
46. (x — y)3x + 4y) aul, =(@ = Doon = TD) 


48. 3m(2m + 5n)(3m — n) 
7.7 Maintaining Mathematical Proficiency 


49, +8 50. 2 
Sk =15 52. +9 
oi) 54. (4, 6) 
55. (0, —7) 56. (—5, 3) 


7.8 Explorations 
1. a. (2x + 1)(@x — 1); yes, sum and difference pattern 


[ato Bes | 
a +| + | BS.) 2) Se 
a+) + |g a a aw 2 4) 


+)/G23 3 8 Qx2 + 12x + 4: 3x + 2)2 


Additional Answers A23 


7.8 Monitoring Progress and Modeling with 
Mathematics 
46. a. the blue, yellow, and red regions; Sample answer: 
————e + b> 


Blue 
Yellow 
bai} 
| 
> 


b. (a — b)? is represented by the yellow region. a? is the entire 
square. Subtracting 2ab requires removing 2 regions that each 
represent ab, which would be the blue and purple regions, and 
the red and purple regions. There is only one purple region, 
and subtracting 2ab required removing it twice, so one purple 
region needs to be replaced, which adds b?. 

47. a. (9x? — 144) in? 

b. 5 in.; Setting the polynomial in part (a) equal to 81 and solving 
results in x = —5 or x = 5. Length cannot be negative, so 5 is 
the solution. 

48. a. (3+ 16x) in3 
b. x = 3; Setting the polynomial in part (a) equal to 25x and 


solving results in x = 0, x = —3, or x = 3. Because x is also 
a side length, and length cannot be negative or zero, 3 is the 
solution. 

7.8 Maintaining Mathematical Proficiency 

49, 2-5? 50. 27-11 


Je solr 52. 
aay 2 


5b 


7.9 Monitoring Progress and Modeling with 
Mathematics 
49. a. Sample answer: w = 40; When w = 40, factoring out 5x will 
leave a perfect square trinomial, so there will be 2 factors. 


b. Sample answer: w = 50; When w = 50, factoring out 5x will 
leave a factorable trinomial that is not a perfect square, so there 
will be 3 factors. 


A24 Additional Answers 


domain: all real numbers, range: y < 0 


Chapter & 


Chapter 8 Maintaining Mathematical Proficiency 


S> Ill 6. 8 
% =I oh 7) 
obs 1, 246) 


11. a, 4a, 9a, 16a, 25a; Sample answer: The coefficient of each 
difference is the next consecutive odd integer; 36a 


Chapter 8 Mathematical Thinking 
6. eh (ah 


The graph opens up and the lowest point is at (4, —5). 


Ve ae 


Bene 0 4 128 


ee 


The graph opens down and the highest point is at (—1, 1). 


Ise 


= 


-2( - 132+ 1 


va 


i 


ike 


The graph opens down and the highest point is at (1, 1). 


9. Sample answer: They are all U-shaped; Some open up and some 


open down. 
8.1 Explorations 
Ih, Gl. hi 


The graph of g is a vertical shrink by a factor of 4 of the graph 


of f. 


3. Sample answer: When 0 <a< 1 the graph of f(x) = ax? isa 
vertical shrink of the graph of f(x) = x?, when a > | the graph of 
f(x) = a is a vertical stretch of the graph of f(x) = x2, when —1 
<a<0O the graph of f(x) = ax? is a vertical shrink and a reflection 
in the x-axis of the graph of f(x) = x’, and when a < —1 the graph 
of f(x) = ax? is a vertical stretch and a reflection in the x-axis of 


the graph of f(x) = x. 


4. 0<a< 1; Sample answer: The graph is a vertical shrink of the 


graph of f(x) = x2. 
8.1 Lesson Monitoring Progress 


5. er 


The graph of p is a vertical stretch by a factor of 3 and a reflection 
in the x-axis of the graph of f. 


The graph of gq is a vertical shrink by a factor of 0.1 anda 
reflection in the x-axis of the graph of f. 


y 


~ fi n(x) = (3x)2 


= MW buns w 


Ss 2 Boni: 
The graph of # is a horizontal shrink by a factor of : of the 
graph of f. 


The graph of g is a horizontal stretch by a factor of 2 of the 
graph of f. 

4 inches wide, 2 inches deep 

Monitoring Progress and Modeling with 
Mathematics 


The graph of m is a vertical stretch by a factor of 2 and a reflection 


in the x-axis of the graph of f- 


oa 


The graph of q is a vertical stretch by a factor of 3 and a reflection 


in the x-axis of the graph of f- 


Additional Answers 


> 
a. 
a. 
a 
0: 
3 
= 
> 
5 
wn 
= 
o 
= 
wv 


12. 


13. 


14. 


IE. 


A26 


The graph of & is a vertical shrink by a factor of 0.2 anda 
reflection in the x-axis of the graph of f. 


The graph of p is a vertical shrink by a factor of : and a reflection 
in the x-axis of the graph of f. 


Yu : 


The graph of 7 is a horizontal shrink by a factor of ; of the 
graph of f. 


The graph of d is a horizontal shrink by a factor of ; of the 
graph of f. 


- NW Sew DNs © 


Boon 4 ay 


The graph of c is a horizontal stretch by a factor of 3 of the 
graph of f. 


Additional Answers 


16. 


Nee 


27. 


28. 


PMY), 


30. 


31. 


8.1 
32; 
34. 


The graph of r is a horizontal stretch by a factor of 10 of the 
graph of f. 
The graph of y = 0.5x? should be wider than the graph of y = x2. 


The graphs have the same vertex and the same axis of symmetry. 
The graph of y = 0.5x* is wider than the graph of y = x?. 

300 feet high, 1000 feet wide 

a. domain: d 2 0, range: z = 0 


b. Manila Rope 


Breaking strength 
(1000 pounds) 


0 , ' ‘pot H 
Or e2 3 A485 & 7 8 eG 
Diameter (inches) 


c. no; Sample answer: The relationship is quadratic, so a rope 
with 4 times the diameter will have 4* = 16 times the breaking 
strength. 

always; Sample answer: When |a| > 1, the graph of f will be a 

vertical stretch of the graph of g, so it will be narrower. 

always; Sample answer: When 0 <|a| <1, the graph of f will be a 

vertical shrink of the graph of g, so it will be wider. 

never; Sample answer: When |a| > |d], the graph of f will be a 

vertical stretch of the graph of g, so it will be narrower, not wider. 

(0, 4) 


(, =a) 


no; Sample answer. A faster rotational speed would increase 
the depth. The diagram shown has a depth of 3.2 centimeters. 
A model of y = 0.1x2 would only have a depth of 

1.6 centimeters, so it would have a slower rotational speed. 


Maintaining Mathematical Proficiency 
14 ebb & 
=o) 38> lil 


8.1 Mini-Assessment 8.2 Monitoring Progress and Modeling with 
Mathematics 
er arty. 


ve 


The graph of h is a reflection in the x-axis, and a vertical 
translation 7 units down of the graph of f. 


Both graphs open up and have the same vertex, (0, 0), and axis of 
symmetry, x = 0. The graph of g is a vertical stretch by a factor of 
3.5 of the graph of f. o 


8.2 Explorations 
2, as) | eee ye 


10. 


: ©. 
=~ 2.6,x = —V7 = -2.6 a. 
Dee et ty = 
(eee 9 
call > 
2 a 
The graph of 7 is a vertical stretch by a factor of 3, a reflection in > 
the x-axis, and a vertical translation | unit up of the graph of f. 2 
(2) 
= 
PP 
Sample answer: Estimate the points where the graph intersects the ; Oe \ aeeN Gy 
oe : ; ; ; The graph of p is a vertical shrink by a factor of = a reflection in 
3. It causes a vertical shift of ¢ units. When c > 0, the graph is the x-axis, and a vertical translation 2 units down of the graph of f- 
translated up. When c < 0, the graph is translated down. Dp hag as 
4. Check students’ work. : 


5. Sample answer: a> \,c = 1; The graph is narrower than y = x2, , 
sO it 1s a vertical stretch. The vertex is | unit above the origin, so 
the graph is a vertical translation | unit up of the graph of y = x2. 


The graph of g is a vertical shrink by a factor of i and a vertical 
translation 6 units up of the graph of f. 


Additiona! Answers A27 


13. The graph of g is a vertical translation 2 units up of the graph of f. 


ACO) S Be te © 
14. The graph of g is a vertical translation 4 units down of the 
graph of f 


g(x) = 32 - 3 
15. The graph of g is a vertical translation 3 units down of the 


graph of f- 


B= = = 8 
16. The graph of g is a vertical translation 7 units up of the graph of f. 


17. The graph of y = 3x2 + 2 is narrower, so it should be a stretch not 
a shrink; The graph of y = 3x2 + 2 is a vertical stretch by a factor 
of 3 and a translation 2 units up of the graph of y = x2. 


A28 Additional Answers 


18. 


19. 
21, 
Ss 
US. 
Ze 


28. 


29. 


g(x) is not graphed correctly. 


Both graphs open up and have the same axis of symmetry. 
However, the vertex of the graph of g, (0, — 10), is 10 units below 
the vertex of the graph of ff (0, 0). 


x=1,x=-1 A), K=O, 8 = —6 
x=5,x=-5 Ph B= T= HF 
x=2,x=-2 24. x=3,x=-3 

x=4x=-3 26. x=4x=-4 

a. 3 sec 

b. When k > 0, the water balloon will take more than 3 seconds 


to hit the ground. When k < 0, the water balloon will take less 
than 3 seconds to hit the ground. 
The x-intercept is 1.5. This means the apple hits the ground after 
1.5 seconds. The y-intercept is 36. This means the apple fell from a 
height of 36 feet. 


Sample answer: 30. Sample answer: 


33. a. T(x) = —44; the distance between the balls 


b. 44 ft 


Falling Balls 


16x? + 300}, 


~16x2 + 256 


Height (feet) 


Time (seconds) 


34. no; Sample answer: Changing a causes a vertical stretch or shrink, 


which does not change the vertex. 


35. 12mby i2m 


Patio Area 


om i 4 (12, 192). 

c~) ' , \ : 

wv ie 30 e 

oO 

L 

ae 

fe Wass \ 

a3 

cs 100}- 

a . we 

® ila sees e. 

q 50 ’ eae = x2 + 48 |-- 4 
asf © SS 


ta eA otp) 
aS ce 

0 2 4 6 8 10 12 14 16 x 
Side length (feet) 


36. A 


37. Graph the function and determine the x-intercepts; Set the function 
equal to 0, factor — 16° + 400, and apply the Zero-Product 
Property. 

38. a. waterfall 1 

waterfall 2 

waterfall | 

N62 45, 1 Or 32 

The graph of h = —16f? + 32 1s a Vertical translation 13 units 

down of the graph of h = —1612 + 45. 

40. Sample answer: 8,A = 2( tbh] = bh = 2(4) = 8 

41. (0, 5.8); Sample answer: The outer edges are located 40 feet from 
the center. Substituting this into y = 0.012x? indicates they are 
19.2 feet above the ground. To be 25 feet above the ground, they 
must be vertically translated up 5.8 feet. 


39. 


ao 2 @ & 


8.2 Maintaining Mathematical Proficiency 
43. 
45. 


Ble ote 


Both graphs open up and have the same axis of symmetry. The 
graph of g is a vertical translation 4 units up of the graph of f. 
8.3 Monitoring Progress and Modeling with 
Mathematics 
16. « \ Ayi 


as 


y = —5x2 + 20x - 7} 


domain: all real numbers, range: y < 13 


lie 


18. 


19. 


Alle 
23. 
46. 


47. 
48. 


49. 


. The formula for the axis of symmetry has a negative sign; 


fy = 2x2 = 6x +5 


: 17 
domain: all real numbers, range: y > —> 


( f09) = —4x? - 3x — 4 | 


; 1 
domain: all real numbers, range: y S$ 5 


There should be two negatives in the substitution, one from 
the formula and one because b is — 12; 
b ail 


ae ~ 303) = 2; The axis of symmetry is x = 2. 


: b 4 
j — —- - = ex 
The axis of symmetry is x a XD) Ce 


f(—2) = (—2)? + 4(—2) + 3 = —1; So, the vertex is (—2, —1); 
The y-intercept is 3. So, the points (0, 3) and (—4, 3) lie on the 
graph. 


> 
o. 
a. 
6 
= 
o 
> 
co | 
W- 
s 
i) 
-_— 
W 


. =6=5-4 

[19 = x24 4x +3 72 
minimum value; — 12 22. maximum value; 12 

maximum value; — | 

It is not possible to identify characteristics of parabola A with d 
only two points; The vertex of parabola B is (3, —4) because 3 is 4 
halfway between | and 5, which are the x-coordinates of points 

that have the same y-coordinates. Parabola B opens up becatise 

—4, the y-coordinate of the vertex, is the minimum value. 

14 ft 

Sample answer: 2; Sketch a graph of y = x? and a tangent line 

through (1, 1). Then select another point on the tangent line, 

(O, —1), and substitute these points into the slope formula to 

calculate a slope of 2. 


k2 
= fi? 
8 


Additional Answers A29 


8.3 Maintaining Mathematical Proficiency 11. The graph of g is a vertical translation 6 units down of the graph 
50. ar eae a et CS ae te 


A(x) = 4x + 3 | 


The graph of / is a vertical stretch by a factor of 4 and a vertical 
translation 3 units up of the graph of f- 


Bill. 


2 XS 


g(x) = x2 — 8 


The graph of # is a reflection in the x-axis and a vertical translation 
8 units down of the graph of f- 


£ Sa see TENG 
il Alaa ee 


The graph of f is a vertical shrink by a factor of i, a reflection in 
the x-axis, and a vertical translation 5 units up of the graph of f. : Hs | 
8.1-8.3 Quiz be Me 


domain: all real numbers, range: y < 8 


9. The graph of g is a vertical translation 2 units up of the graph of f. 


14. ii aks omy 


Ax) = 


domain: all real numbers, range: y 2 —13 

AC) = eae s 15. ea eh ae 

10. The graph of g is a vertical translation 9 units down of the mis 
graph of f- 


domain: all real numbers, range: y 2 —9 


g(x) = f(x) - 9 


Ae) = = By? 4b 3 


A30 Additional Answers 


16. 26. 


ve —¥ 2 4 6 8 1012 14 16x 


The graph of 7 is a horizontal translation 6 units right and a 


domain: all real numbers, range: y < 12 : : 1 
vertical shrink by a factor of ; of the graph of f- 


17. minimum value; —8 18. maximum value; 18 
19. maximum value; 16 20. minimum value; —5 Zhe 
D lease 


a, Bi ||25) SRE 


b. the first pinecone; Sample answer: The second pinecone will 
take 1.5 seconds to fall, which is longer than the first. 


23 5edomaine Oran enance sO —alls wont 
8.4 Explorations 
Daa 4 


1-2 _¥ 2 4 6 8 1012 14x, 


The graph of d is a horizontal translation 5 units right and a 
vertical shrink by a factor of : of the graph of f- 


28. iat Yo 


cea eeue Y 1.24) 
The graph of g is a horizontal translation 2 units left and a vertical 
stretch by a factor of 6 of the graph of f. 

29. Iff(—x) = f() the function is even; So, f(x) is an even function. 


30. his the x-coordinate of the vertex, not the y-coordinate; Because 
h = —8, the vertex is (—8, 0). 


> 
2. 
Q. 
) 
3 
ay 
> 
5 
Vi 
S 
O 
= 
Vi 


Sample answer: The value of h causes a horizontal translation of be 
the graph of y = a(x — h)? from the graph of y = ax’. 

3. When h > 0, the graph of f(x) = a(x — h)? is a horizontal 
translation / units to the right of the graph of f(x) = ax*. When 
h <0, the graph of f(x) = a(x — h) is a horizontal translation 
h units to the left of the graph of f(x) = ax’. 

4. a. The graph of y = (x — 3) is a horizontal translation 3 units 


right of the graph of y = x?. 


YA ea = _ ae e se 
b. The graph of y = (x + 3)? is a horizontal translation 3 units (300 api 2) 
left of the graph of y = x?. The graph of g is a vertical shrink by a factor of +, a reflection in 
the x-axis, and a translation 3 units left and 2 units down of the 


c. The graph of y = —(x — 3)? is a horizontal translation 3 units 
right and a reflection in the x-axis of the graph of y = x’. ese a — 
8.4 Monitoring Progress and Modeling with 44, 


Mathematics 


ys 


The graph of r is a vertical shrink by a factor of i, and a translation 


: =p hese) 9 2 units right and 4 units down of the graph of f- 
The graph of r is a horizontal translation 10 units left and a vertical 45. A 46. C 
shrink by a factor of - of the graph of f- 47. B 48. D 


Additional Answers A31 


49, 
50. 
i g(x) = 
51, Ao ee 52. 
287765 ae 
glx) = FU) }-+- 1 +8 
tl 
53. 54. fy: } 
UGH = =8 
ies 
12 
10 
8 
~[g) = fx —4) : 
SSE) re oe Paz a 4s 878% 
S55 2b 


Diving Bird 4 


Height (meters) 


2.5)2 
0 in 7 7 
() 4) ee Bp al iP eh ae 
Time (seconds) 


b. 
co 
& 
ov 
= 
w 
<= 
to) 
‘o 
ae 
; 
O12345 67 Be 
Time (seconds) 
c. The graph of ris a vertical stretch by a factor of 2 of the graph 


A32 


of h; the second bird; Sample answer: Because r(t) is twice 
h(t), the second bird starts at a height twice as high as the first 
bird. 


Additional Answers 


Sic 
59. 
61. 
64. 


74, 


| y=2xr— 22-4 
5 fil) = =—Sie = IP ae & 


a, Football Punt 1 


Height (yards) 


le 
0 6 12 18 24 30 36 42 48 x 
Distance (yards) 


b. Football Punt 2 


” Gooe 


Height (yards) 


ol 
0 6 12 18 24 30 36 42 48 x 
Distance (yards) 


domain: 10 < x < 40, range: 0 < y $ 25 

c. The graph of g is a horizontal translation 5 units left of the 
graph of f, second possession; Sample answer; On the first 
possession, the ball is punted 15 yards from the kicker’s goal 
line. On the second possession, the ball is punted 10 yards 
from the kicker’s goal line. 


fC) = %x—-12 +2 58. f(x) = —SOr + 3% +5 
fi) =-Ax+2%-4 60. fd =(@—-1)2 +8 
OSes =) 62. f(x) =Fx+5%-1 
f0) = —5(x — 59)? + 300 


Path of Flare 


Height (meters) 


30 90 120x 
Distance (meters) 


66. y= 3(x+ 1)? -4 

68. f(x) = —(x + 2)2+ 6 

no; Sample answer: The graph would not pass the vertical line 
test. 


+; —; Sample answer: The vertex is (—2, —3), so in the vertex 
form h = —2 andk = —3, 


. The graph of / is a vertical translation 4 units up of the graph of f; 


A(x) = —@ + 192 +2 


. The graph of / is a horizontal translation 5 units right of the graph 


of f, A(x) = 2( — 6)? + 1 


. The graph of / is a vertical stretch by a factor of 2 of the graph of 


IEC) = See = DY se E 
The graph of /: is a vertical shrink by a factor of : of the graph of f; 
h(x) = —3(x + 5)2 - 2 


78. y = (x — 2)? — 5; y = x2 — 4x — 1; Sample answer: The vertex, 8.5 Monitoring Progress and Modeling with 
(2, —5), can be quickly determined from the vertex form: The Mathematics 
y-intercept, —1, can be quickly determined from the standard 11. 
form. 
76. a. true; Sample answer: If g(x) = af(x), then g(—x) = af(—x). 
Because fis even, g(—x) = af(x) = g(x), So g is even. 


b. true; Sample answer: If g(x) = af(x), then g(—x) = af(—x). : ge 
Because fis odd, g(—x) = a(—f(x)) = —af(x) = —2g(x), so gis 
odd. 

c. true; Sample answer: If h(x) = f(x) + g(x), then 
h(—x) = f(—x) + g(—x). Because fand g are even, 
h(—x) = f(x) + g(x) = h(a), so his even. 
d. true; Sample answer: If h(x) = f(x) + g9(x), then h(—x) = domain: all real numbers, range: y 2 -3 
f(—x) + g(—x). Because fand g are odd, h(—x) = —f(x) - Te Lo alopecia 
a(x) = —(f(x) + g(x) = —A(W), 80 hh is odd. ree ire 
e. false; Sample answer: A counterexample is illustrated by 
adding f(x) = x* + 4, an even function, to g(x) = 3x, an odd 
function. The sum h(x) = x? + 3x + 4 is neither even nor odd. 

77. a. the second birdbath; Sample answer: The first birdbath has a 
depth of 4 inches and the second birdbath has a depth of 
6 inches. 


b. the first birdbath; Sample answer: The first birdbath has a 
width of 36 inches and the second birdbath has a width of 
30 inches. 


78. The graph of y = 2x? + 8x + 8 is a vertical stretch by a factor of 2 13. 
and a horizontal translation 2 units left of the graph of y = x?; 
Sample answer: Factoring the right side of y = 2x? + 8x + 8 
changes the equation to vertex form, y = 2(x + 2)?, from which 
the transformations can be easily determined. 
8.4 Maintaining Mathematical Proficiency 
79. x =0,x = 1 MO, c= =3,i° = 9 
Sie — 3a — 3 
8.5 Explorations 
1. f. y = —x(x — 3); Sample answer: The graph opens down and 
the x-intercepts are 0 and 3. 14. 


2S 


| = Ae — ENCE ar 4)| 


> 
o. 
a. 
a 
fe) 
>. 
iy 
> 
5 
8 
® 
=: 
WV 


g. y=(x+ 1) — 2); Sample answer: The graph opens up and 
the x-intercepts are —1 and 2. 


h. y = —( + 1)@ — 2); Sample answer: The graph opens down 
and the x-intercepts are — | and 2. 

2. Sample answer: {tis a parabola with x-intercepts p and g. 

3. a. no; yes; Sample answer: The x-intercepts are still p and q; 
Changing the sign of a will also change the sign of the 
y-intercept when the y-intercept is not 0. 

b. yes; yes; Sample answer: One of the x-intercepts will change 
from the old value of p to the new value of p. The y-intercept 
is apg, so changing the value of p will change the value of the 
y-intercept when the y-intercept is not 0. 


5 
domain: al] real numbers, range: y S$ 3 


Additional Answers A33 


Wo y=x2+9x+ 14] 


; 25 
domain: all real numbers, range: y 2 —> 


domain: all real numbers, range: y > —36 
19. (yf hG,0) GA, TAO) 


VD 
| y = 4x2 — 36x + 32 


ETE <a) 


20. 


domain: all real numbers, range: y < 32 


Alle 2, IO) 22 el 
7 =, 3 24. 4,13 

Pe =D I Mie =I 
DS oe Meo 10, 6, Ill 
72), =O, 7 as =). IL, & 
31. D ays Jel 

ae, (C 34. B 


A34 Additional Answers 


L. : Vi Xe) Xe 6) | 


62. 


f(x) = =xx + 9)(x + 3) 


63. 


_— 


(hoo =e De De) 


—=5 


Veseetins te fee 


= De 2p 
LY Coe ap AE = S0ve 


67. 


68. 


69. 
70. 
Tle 
Weer 
Ss 
74. 
TS 
76. 
94, 


g(x) = 6x3 + 30x? — 36x | 280 
ial aa eT, Ce 


g(x) = x2 ~ 12 — 4) | 


ee eee 


Sample answer: Factor the functions into intercept form. Plot the 
intercepts. Calculate the values for several additional points, then 
plot them to get an idea of the general shape of the curve. Draw a 


smooth curve through the plotted points. 
OY, =, wk 


100. Sample answer: y = (x + 4)(x — 2) and y = 2(« + 4)(x — 2); 


The two given points are x-intercepts, so the graphs of any two ! 
10-8. quadratic equations having these two intercepts would intersect at 7 
SS s these points. lL 


fx) = 43 — 12x2 — 16x 

f@) = —6x3 — 6x? + 36x 

f@) = —2x3 — 22x? — 56x 

FO) = De = See? ae See Se OO 

Sample answer: f(x) = x3 — 9x? + 2x + 48 
Sample answer: f(x) = x3 + 12x2 + 35x 
Sample answer: f(x) = x3 — 8x* + Tx 


101. Sample answer: y = (x — 5)* + 2 and y = —(x — 5)? + 10; 


The two given points have the same y-coordinate, so the axis of 
symmetry of any parabola passing through them would be halfway 


between, which is x = 5. The vertex form can be used with 


h = 5 and any selected value of k, where k # 6, to find quadratic 
equations that would pass through these points. Any two of these 
equations would form a system with these two points as solutions. 
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Sample answer: f(x) = x° + 6 102. 300 calories 103. 29¢ 
a. g(x) = 2x(x — 2) 104. increases 
ei) ee Daas ee 105. neither; There is no common difference or common ratio. 


leh tek 

: 106. geometric; There is a common ratio of 3. 

107. arithmetic; There is a common difference of —8. 

108. neither; There is no common difference or common ratio. 

8.6 Monitoring Progress and Modeling with 
Mathematics 

Bo hy eel: 


a0 = 2x = )P=2 


fs Ex 


> 
2. 
oy 
& 
fe) 
5 
wl 
> 
5 
Ww 
= 
o 
= 
Ww 


Sample answer. Plot the vertex (1, —2), which can be 
determined from the vertex form. Then plot the x-intercepts 
(0, 0) and (2, 0), which can be determined from the intercept 
form. Draw a smooth curve through these points. 


yes; Sample answer: \f a quadratic function has exactly one real 
zero, then the vertex must lie on the x-axis. This means the zero 
is one of the intercepts and the x-coordinate of the vertex. 


a : : : i 
= 24 can only be true if p = gq, so the function can be written Neue 


+8 os 
of 
hts |b 
Sarl 


exponential 


15. linear 16. exponential 


in intercept form with p and g having the same values. 


17. exponential 18. quadratic 


yes; Sample answer: In standard form, f(x) = ax* + bx + ¢, 31. b 


missing terms can be included by using 0 for b or c. In vertex 
form, f(x) = a(x — h)? + k, missing values can be included by 
using 0 for 4 or k. 


» fx) = Bx + SV + 2) — & - 4) - 8) 


Volleyball Motion 


(Ae) =~ 16? + 48t+ 3] 


Height (feet) 


Time (seconds) 
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38h 


34, 


36. 


aM 
38. 
595 


40. 


41. 


42. 


a. exponential; linear; quadratic 
Organization A: 3, 12, 48, 192, 768, 3072; Organization B: 
4,4, 4, 4, 4, 4; Organization C: 4, 12, 20, 28, 36, 44 

c. Organization A; Organization A will have the most donations, 
followed by Organization C, then Organization B. 

a. 9 nights 


b. yes; Because the cost at Sea Breeze Resort is increasing 
exponentially, it will eventually be greater than the cost at Blue 
Water Resort, which is increasing linearly. 

c. no; Because the cost at Sea Breeze Resort is increasing 
exponentially, it will remain greater than the cost at Blue Water 
Resort, which is increasing linearly. 

The average rate of change of a linear function is constant because 

the dependent variable of a linear function increases by the same 

amount for each constant change in the independent variable. 

The average rate of change of a quadratic or exponential function 

is not constant because the dependent variable of a quadratic 

or exponential function changes by a different amount for each 

constant change in the independent variable. 

a. D;A line is the graph of a linear function. 


b. C;A constantly decreasing curve is the graph of an exponential 
function with a base between 0 and 1. 


c. B;A constantly increasing curve is the graph of an exponential 
function with a base greater than 1. 

d. A;A parabola ts the graph of a quadratic function. 

quadratic; The second differences have a constant value of 9n — 5. 

Sample answer: y = 1.5x2 

no; Sample answer: There may not be enough points to clearly 

determine the shape of the graph. 


Sample answer; the number of new branches, the length of new 
branches, the total length of all branches, the total number of 
branches; exponential, exponential, linear, exponential; 


eS ODE = (ey ae SS eee | 

no; The graph of an exponential function will always eventually 
have greater y-values than the graph of a quadratic function. 
Sample answer: y = —0.4x? + 6.2x + 47.0; Plot the points in a 


computer graphing program, then use the interpolation function; 
about $70.8 billion 
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43. 


45. 


47. 
49. 


1] 44, 5 

8 46. 3 

ve 48. l6y?—4 
Oye = DS 50. 472 — 36s2 


Chapter 8 Review 


8. 


A36 


The graph of 77 is a vertical stretch by a factor of 2, a reflection in 
the x-axis, and a vertical translation 6 units up of the graph of f. 


Additional Answers 


20. 


21. 


5: 


6. 


10. 


Chapter 8 Test 


The graph of 7 is a vertical shrink by a factor of 4 and a vertical 
translation 5 units down of the graph of f. 


aS ae : i mint 


fQ) = 5x — 3) +2 


y: 


- NWP uUDwN @ 


ie at | 
= 2x2 — 8x + 8 


iC me 


(i238 45 8 7 oe 


domain: all real numbers, range: y 2 0 
(Gia i tu yie ee aN 
= =e ar See = i) 


y 


domain: all real numbers, range: y < 9 


Hine O= 5 : ‘ 


domain: all real numbers, range: y = —4 
exponential; The y-values increase by a constant factor; y = 8(2)* 
quadratic; The second differences increase by a constant amount; 
pS =Be 

1 : 
fw= = — 5x — 8; Sample answer: Use the intercepts to 


write an equation in intercept form. Substitute the third point into 
the equation to find a. Write the equation in intercept form with the 
value of a. Simplify the equation to put it 1n standard form. 


11. f(x) = 3x — 30x; Sample answer: Use the intercepts to write 109. 
an equation in intercept form. Substitute the third point into the 
equation to find a. Write the equation in intercept form with the 
value of a. Simplify the equation to put it in standard form. 
12. Sample answer: f(x) = x? + 3; To be even, the vertex needs to be 
on the y-axis, so it must be in the form ax? + c. Because the range 
is y 2 3, a must be positive and c = 3. Any positive value of a is 
acceptable. = 
13. Sample answer: f(x) = x* — 8x + 16; Use the x-intercept as the 3 <<. 
vertex. Use the intercept to write an equation in intercept form. 
Substitute the second point into the equation to find a. Write 
the equation in intercept form with the value of a. Simplify the 
equation to put it in standard form. 
14. linear; The first differences are constant; y = 19x 
15. a. 4.445 ft 
b. yes; Sample answer: After traveling a horizontal distance of 
30 feet, the height is 3.6 feet, so the ball will be 0.6 feet above 
the net. 


16. a. Sample answer: a=1,b=0,c=0 
b. Sample answer: a=0,b=1,c=0 
c. Sample answer: a=1,b=2,c =3 
17. 1,3, 5; They are increasing by a constant amount. 


Chapter 4 


9.1 Monitoring Progress and Modeling with 


Mathematics 4 
99. a, 4,24.2,2+ V3,2 -V3,2+ a: 2 
= 
i il 1 1 ; as 
2a ppet V34 25 2 tome oO 
Pj 
2,40, V3, —V3, a; Fy 
2 + V3, + V3, V3, 2V3,0, «+ V3; eer nloratien: > 
1 = : : 
AEN ro NO V3, One 2 Va 3, 5. The related graph will have no x-intercepts. 3 
24+a,5+ 7, 0.0 + V3, 7 V3, 20 9.2 Monitoring Progress and Modeling with S 
b. 4,-,0.2V3, —2V3, 2a HQ sae a 
2 51. AY, 
al Qua v3 V3 @ 
Som ae) ae 
ORONO TORONG: 
ON ag , 0, 3, —3, wV3; 
—2V3, -—= a -3,3, — V3; a 
7 about 1.7, about —5.7 
2a. —, 0, m3, — V3, a . 
4 52. ieee 


ame oe 
107. wets Multiplying the numerator and denominator 
= 
by V x2 — Wx + 1 rationalizes the denominator. 
9.1 Maintaining Mathematical Proficiency 
108. chy! | BOW 


‘cu 38 + 1® 


about 1.9, about —0.5 

53. a. 118 ft, 198 ft, 246 ft, 262 ft, 246 ft, 198 ft, 118 ft, 6 ft 
b. about 1.5 sec, about 6.5 sec 
c. about 1.4 sec, about 6.6 sec 


oe : : 68. always; The sign of y does not change. 
4 69. never; The graph of y = ax? + bx + c has at most two x-intercepts. 
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70. 


Tle 


9.2 
WA 


73. 


74, 


Sample answer: Plot the data points. Find both the linear model 
and the quadratic model. Graph both models and see if one model 
is closer to the data points than the others. If neither is closer, 
compare rand R?. 

Graph the system of equations y = —0.43x? + 11.7x + 2 and 

y = 77. Find the points of intersection, which are about (10.3, 77) 
and about (16.9, 77). 


Maintaining Mathematical Proficiency 
exponential decay function; As x increases by 1, y is multiplied 
by z. 
exponential growth function; As x increases by 1, y is multiplied 
by 4. 
5V13 ae ile 
13 ee 
14 = 2V5 Te 38 6 


11 
Monitoring Progress and Modeling with 
Mathematics 
a. aandc have opposite signs. 
b. ais not 0, and c is 0. 
ce. aandc have the same sign. 
(3, 9), (—3, 9); When y = 9,x = + 3, 
1; The graph has one x-intercept. 


» SH IZ = Hes 1 = 


SO gee = Age —b + Vb? — 4ac 
y= | or x = 
2a 4a? 2a 


5s 2 = 67 = 2 
5 eh 2 = 1A se = —2 


Dy = —2.5° = —11 
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(x + 4)? AG Ge= BY 
(x — 7) 48. (x + 9) 
(+ 6) Sl, Ge = by 
Maintaining Mathematical Proficiency 
. @4,=10,a,=4,.,;+5 76. a, =3,a, = 2a,_, 
a = —20,0,, = G4 0° 4 
2V3 79. 6V2 
2V5 
Monitoring Progress and Modeling with 


Mathematics 


40. x ~ 2.24, x ~ —2.24; Sample answer: The equation can be 
written in the form x? = d, so solve using square roots. 
41. x = —4, x = 3; Sample answer: The equation is easily factorable, 


A38 


so solve by factoring. 


x = 3.73, x ~ 0.27; Sample answer: a = | and b is even, so solve 
by completing the square. 


x = 2.19, x =~ —1.94; Sample answer: The equation cannot be 
factored and a # 1, so solve using the quadratic formula. 
. x= 1,x = —7; Sample answer: The left side is a perfect square 


trinomial, so solve using square roots. 
Bo Get I@ = Oks = Sr#— 6 =O a = Des = Br = 


(x+4),@—5);x2 -3x-5= 


Additional Answers 


$2. 


he 


f= ae = Thy ab 12 


=NWEeumM iS: 


c 
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(4, 0); Sample answer: substitution because both equations are 
solved for y 

(—4, 5); Sample answer: substitution because one equation is 
solved for x 

(5, 3); Sample answer: elimination because one pair of like terms 
has the same coefficient 

(—2, 7); Sample answer: substitution because one of the variables 
has a coefficient of | 


English-Spanish Glossary 


English 


wR 


arithmetic sequence (p. 202) An ordered list of numbers 
in which the difference between each pair of consecutive 
terms is the same 


asymptote (p. 291) A line that a graph approaches but 
never intersects 


average rate of change (p. 448) The slope of the line 
through (a, f(a)) and (6, f(b)) of a function y = f(x) 
between x = a andx = b 


axis of symmetry (p. 406) The vertical line that divides a 
parabola into two symmetric parts 


binomial (¢. 339) A polynomial with two terms 


causation (p. 197) When a change in one variable causes 
a change in another variable 


closed (p. 340) When an operation performed on any two 
numbers in the set results in a number that is also in the set 


common difference (p. 202) The difference between 
eack pair of consecutive terms in an arithmetic sequence 


common ratio (p. 310) The ratio between each pair of 
consecutive terms in a geometric sequence 


completing the square (p. 494) To adda constant c to 
an expression of the form x? + bx so that x2 + bx + cisa 
perfect square trinomial 


compound inequality (p. 74) An inequality formed 
by joining two inequalities with the word “and” or the 
word “or” 


compound interest (p. 307) The interest earned on the 
principal and on previously earned interest 


conjecture (p. 3) An unproven statement about a general 
mathematical concept 


Spanish 


secuencia aritmética (p. 202) Una lista ordenada en 
donde la diferencia entre cada par de términos consecutivos | 
es la misma 


asintota (p. 291) Una recta ala que se aproxima una 
grafica, pero nunca la interseca 


tasa de variaci6n media (p. 448) La pendiente de la 
linea a través de (a, f(a)) y (b, f(b)) de una funcién y = f(x) 
entrex =ayx=b 


eje de simetria (p. 406) La linea vertical que divide una 
parabola en dos partes simétricas 


binomio (p. 339) Un polinomio con dos términos 


causalidad (p. 797) Cuando un cambio en una variable 
causa un cambio en otra variable 


operacion interna (p. 340) Cuando una operacién 
efectuada en dos nimeros cualesquiera del conjunto da 
como resultado un nimero que también esta en el conjunto 


Ajesso|5 ysiueds-ysij6uy 


diferencia comin (p. 202) La diferencia entre cada par de 
términos consecutivos en una secuencia aritmética 


razon comun (p. 370) Larazén entre cada par de 
términos consecutivos en una secuencia geométrica 


completando el cuadrado (p. 494) Agregar una 
constante c a una expresion de la forma x* + bx para que 
x* + bx + c sea un trinomio de cuadrado perfecto 


desigualdad compuesta (p. 74) Una desigualdad 
formada por dos desigualdades con la palabra “y’’ o la 
palabra “‘o” 


interés compuesto (p. 307) El interés obtenido en el 
principal y en intereses previamente obtenidos 


conjetura (p. 3) Una afirmacidén no comprobada sobre un 
concepto matematico general 
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conjugates (p. 468) Binomials of the form aVb + cVd 
and aVb — Vd, where a, b, c, and d are rational numbers 


constant function (p. 726) A linear equation written in 
the form y = Ox + bory=b 


constant of variation (p. 734) The constant a in the 
direct variation equation y = ax, where a # 0 


continuous domain (p. 700) A set of input values that 
consists of all numbers in an interval 


correlation (p. 789) A relationship between data sets 
correlation coefficient (0. 795) A value r that tells how 


closely the equation of the line of best fit models the data 


counterexample (p. 465) An example that proves that a 
general statement is not true 


degree of a monomial (. 338) The sum of the exponents 
of the variables in the monomial 


degree of a polynomial (p. 339) The greatest degree of 
the terms in a polynomial 


dependent variable (p. 93) The variable that represents 
the output values of a function 


direct variation (p. 734) An equation of the form y = ax, 
where a # 0 and yis said to vary directly with x 
discrete domain (p. 100) A set of input values that 


consists of only certain numbers in an interval 


discriminant (p. 506) The expression b? — 4ac in the 
Quadratic Formula 


domain (p. 92) The set of all possible input values of a 
function 


equation (p. 4) A statement that two expressions are equal 
equivalent equations (p. 4) Equations that have the 
same solution(s) 


equivalent inequalities (0.54) Inequalities that have the 
same solutions 
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conjugados (p. 468) Binomios de la forma aVb + cVd y 
avi = cVad, donde a, b, c y d son nimeros racionales 


funcion constante (p. 126) Una ecuacién lineal escrita 
bajo la forma y = Ox + boy =b 


constante de variacion (p. 134) Laconstante a en la 
ecuacion de varici6n directa y = ax, donde a # 0 


dominio continuo (p. 700) Un conjunto de valores que 
consiste en todos los nimeros en un intervalo 


correlacion (p. 789) Una relacidn entre conjuntos de datos 


coeficiente de correlacion (p. 195) Un valor r que indica 
cuan fielmente la ecuacién de la linea de mejor ajuste 
modela los datos 


contraejemplo (p. 465) Un ejemplo que prueba que una 
afirmacién general no es verdadera 


grado de un monomio (p. 338) La suma de los 
exponentes de las variables en el monomio 


grado de un polinomio (p. 339) El grado mayor de 
los términos en un polinomio 


variable dependiente (p. 93) La variable que representa 
los resultados de una funcién 


variacion directa (po. 734) Una ecuacidn de la forma 
y = ax, donde a # Oy se dice que y varia directamente 
con x 


dominio discreto (p. 700) Un conjunto de valores que 
consiste en solamente ciertos nimeros en un intervalo 


discriminante (p. 506) La expresion b? — 4ac en la 
Férmula Cuadratica 


dominio (p. 92) El conjunto de todos los valores posibles 
de una funcion 


ecuacion (p. 4) Una afirmacién de que dos expresiones 
son iguales 


ecuaciones equivalentes (p. 4) Ecuaciones que tiene(n) 
la(s) misma(s) solucién(es) 


desigualdades equivalentes (p. 54) Desigualdades que 
tiene(n) la(s) misma(s) soluci6n(es) 


even function (0. 428) A function y = f(x) is even when 
f(x) = f(x) for each x in the domain of f 


explicit rule (0. 378) A rule to define arithmetic and 
geometric sequences that gives a, as a function of the 
term’s position number 7 in the sequence 


ee 


exponential decay (p. 299) When a quantity decreases 
by the same factor over equal intervals of time 


exponential decay function (p. 299) A function of the 
form y = a(1 — r)', wherea>OandO0<r< 1 


exponential function (p. 290) A nonlinear function of 
the form y = ab’, where a # 0,b # 1, andb>0 


exponential growth (p. 298) When a quantity increases 
by the same factor over equal intervals of time 


exponential growth function (p. 298) A function of the 
form y = a(] + r)', where a> Oandr>0 


extrapolation (p. 197) To predict a value outside the 
range of known values using a graph or its equation 


factored completely (0. 390) A polynomial that is 
written as a product of unfactorable polynomials with 
integer coefficients 


factored form (p. 364) A polynomial that is written as a 
product of factors 


factoring by grouping (¢. 390) To use the Distributive 
Property to factor a polynomial with four terms 


family of functions (o. 740) A group of functions with 
similar characteristics 


FOIL Method (. 347) A shortcut for multiplying two 
binomials by finding the sum of the products of the first 
terms, outer terms, inner terms, and last terms 


formula (p. 29) A literal equation that shows how one 
variable is related to one or more other variables 


par function (p. 428) Una funcion y = f(x) es par cuando 
f(—x) = f(@) para cada x en el dominio de f 


regla explicita (0. 378) Una regla para definir 
secuencias aritméticas y geométricas que da a, como 
funcion del numero de posicién del término n en 

la secuencia 


decaimiento exponencial (0. 299) Cuando unacantidad | 
disminuye por el mismo factor sobre intervalos iguales de ; 
tiempo 


funcion de decaimiento exponencial (p. 299) Una 
funci6n de la forma y = a(1 — rn), dondea>Oy0<r<1 


funci6n exponencial (0. 290) Una funci6n no lineal de la 
forma y = ab‘, donde a + 0,b # 1,yb>0 


crecimiento exponencial (o. 298) Cuando una cantidad 
se incrementa por el mismo factor sobre intervalos iguales 
de tiempo 


funcion de crecimiento exponencial (p. 298) Una 
funcion de la forma y = a(1 + r)', dondea>Oyr>0 


extrapolacion (o. 197) Predecir un valor fuera del rango 
de valores conocidos usando un grafico 0 su ecuacién 


factorizado completamente (p. 390) Un polinomio que 
se escribe como un producto de polinomios no factorizables 
con coeficientes de ntimeros enteros 


Asesso|5 ystueds-ysij6uq 


forma factorizada (p. 364) Un polinomio que se escribe 
como un producto de factores 


factorizaci6n por agrupamiento (. 390) Uso de la 
propiedad distributiva para factorizar un polinomio con 
cuatro términos : 


familia de funciones (. 140) Un grupo de funciones con 
caracteristicas similares 


método FOIL o de multiplicacién de binomios (p. 347) 
Un método rapido para multiplicar dos binomios 
encontrando la suma de los productos de los primeros 
términos, los segundos términos, los terceros términos 

y los ultimos términos 


formula (. 29) Una ecuacién literal que muestra c6mo 
una variable esta relacionada con una o mas variables 
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function (p. 90) A relation that pairs each input with 
exactly one output 


function notation (p. 108) Another name for y denoted 
as f(x) and read as “the value of fat x” 


geometric sequence (p. 370) An ordered list of numbers 
in which the ratio between each pair of consecutive terms is 
the same 


graph of an inequality (p. 48) A graph that shows the 
solution set of an inequality on a number line 


graph of a linear inequality (p. 252) The graph in two 
variables that shows all the solutions of the inequality in a 
coordinate plane 


graph of a system of linear inequalities (o. 267) The 
graph of all the solutions of the system of linear 
inequalities 


half-planes (p. 252) Two regions of the coordinate plane 
divided by a boundary line 


horizontal shrink (p. 142) A transformation that causes 
the graph of a function to shrink toward the y-axis when all 
the x-coordinates are multiplied by a factor a, where a > | 


horizontal stretch (p. 142) A transformation that causes 
the graph of a function to stretch away from the y-axis 
when all the x-coordinates are multiplied by a factor a, 
where 0<a< 1 


identity (p. 23) An equation that is true for all values of 
the variable 


independent variable (p. 93) The variable that 
represents the input values of a function 


index of a radical (p. 284) The value of n in the 
radical Va 


A42 English-Spanish Glossary 


funcién (p. 90) Una relacidn que asocia cada valor 
exactamente con un resultado 


notacion de funcion (p. 708) Otro nombre para y que se 
denota como f(x) y que se lee como “el valor de fen x” 


secuencia geométrica (p. 370) Una lista ordenada en 
donde la raz6n entre cada par de términos consecutivos es 
la misma : 
grafico de una desigualdad (p. 48) Un grafico que 
muestra el conjunto de soluciones de una desigualdad en 
una linea numérica 


grafico de una desigualdad lineal (o. 252) El grafico 
en dos variables que muestra todas las soluciones de la 
desigualdad en un plano coordenado 


grafico de un sistema de desigualdades lineales 
(p. 261) El grafico de todas las soluciones del sistema de 
las desigualdades lineales 


semiplanos (p. 252) Dos regiones del plano coordenado 
divididas por una linea limitrofe 


reduccion horizontal (p. 742) Una transformacién que 
hace que el grafico de una funci6n se reduzca hacia el eje y 
cuando todas las coordenadas x se multiplican por un factor 
a, donde a> | 


ampliacién horizontal (p. 742) Una transformacién que 
hace que el grafico de una funci6n se amplie desde el eje y 
cuando todas las coordenadas x se multiplican por un factor 
a, donde 0<a<1 


identidad (p. 23) Una ecuacion que es verdadera para 
todos los valores de la variable 


variable independiente (p. 93) La variable que 
representa los valores de una funcion 


indice de un radical (po. 284) El valor den en el 
radical W/a 


inequality (p. 46) A mathematical sentence that compares 
expressions 


intercept form (p. 436) A quadratic function written in 
the form f(x) = a(x — p)(x — g), where a # 0 


interpolation (p. 797) To approximate a value between 
. . . ve 
two known values using a graph or its equation 


inverse operations (o. 4) Two operations that undo each 
other, such as addition and subtraction 


leading coefficient (o. 339) The coefficient of the first 
term of a polynomial written in standard form 


line of best fit (0. 795) A line that best models a set 
of data 


line of fit (0. 790) A line drawn on a scatter plot that is 
close to most of the data points 


linear equation in one variable (p. 4) An equation that 
can be written in the form ax + b = 0, where a and b are 
constants and a # 0 


linear equation in two variables (p. 98) An equation 
that can be written in the form y = mx + b, where m and b 
are constants 


linear function (p. 98) A function whose graph is a non- 
vertical line 


linear inequality in two variables (9. 252) An 
inequality written in the form ax + by <c, ax + by < ¢, 
ax + by > c, ot ax + by = c, where a, b, and c are real 
numbers 


linear model (p. 164) A linear function that models a 
real-life situation 


linear regression (p. 795) A method that graphing 
calculators use to find a precise line of fit that models a 
set of data 


literal equation (p. 28) An equation that has two or more 
variables 


desigualdad (p. 46) Una oracién matematica que 
compara expresiones 


forma interseccién (p. 436) Una ecuacién cuadratica 
escrita en la forma f(x) = a(x — p)(x — q), donde a # 0 


interpolacion (p. 197) Aproximar un valor entre dos 
valores conocidos usando un grafico o su ecuacién 


operaciones inversas (p. 4) Dos operaciones que se 
anulan entre sf, como la suma y la resta 


coeficiente principal (p. 339) El coeficiente del primer 
término de un polinomio escrito en forma estandar 


linea de mejor ajuste (p. 195) Una linea que mejor 
modela un conjunto de datos 


linea de ajuste (p. 790) Una linea dibujada en un 
diagrama de dispersién que esta cerca a la mayoria de 
los puntos de datos 


ecuacion lineal en una variable (p. 4) Una ecuacién que 
puede escribirse en la forma ax + b = 0, donde a y b son 
constantes y a # 0 


ecuacion lineal en dos variables (p. 98) Una 
ecuaciOn que puede escribirse en la forma y = mx + b, 
donde m y b son constantes 
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funcion lineal (p. 98) Una funcidn cuyo grafico es una 
linea no vertical 


desigualdad lineal en dos variables (p. 252) Una 
desigualdad escrita en la forma ax + by <c, ax + by Sc, 
ax + by >c,0 ax + by 2 c, donde a, b y c son nimeros 
reales 


modelo lineal (. 764) Una funcién lineal que modela 
una situaci6n de la vida real 


regresion lineal (p. 795) Un método que usan las 
calculadoras graficas para encontrar una linea precisa de 


ajuste que modela un conjunto de datos 


ecuacion literal (p. 28) Una ecuaci6n que tiene dos o 
mas variables 
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maximum value (p. 479) The y-coordinate of the vertex 
of the graph of f(x) = ax? + bx + c, where a <0 


minimum value (p. 479) The y-coordinate of the vertex 
of the graph of f(x) = ax? + bx + c, where a> 0 


monomial (p. 338) A number, a variable, or the product 
of a number and one or more variables with whole number 
exponents 


nonlinear function (. 98) A function that does not have 
a constant rate of change and whose graph is not a line 


nth root of a (. 284) For an integer n greater than 1, if 
b" = a, then b is an nth root of a. 


odd function (p. 428) A function y = f(x) is odd when 
f(—x) = —f(x) for each x in the domain of f- 


parabola (p. 406) The U-shaped graph of a quadratic 
function 


parallel lines (0. 780) Two lines in the same plane that 
never intersect 


parent function (0. 740) The most basic function in a 
family of functions 


perpendicular lines (po. 787) Two lines in the same plane 
that intersect to form right angles 


point-slope form (p. 768) A linear equation written in the 


form y — y, = mx — x,) 


polynomial (p. 339) A monomial or a sum of monomials 


polynomial long division (p. 358) A method to divide a 
polynomial f(x) by a nonzero divisor d(x) to yield a 
quotient polynomial g(x) and a remainder polynomial r(x) 
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valor maximo (p. 479) Lacoordenada y del vértice del 
grafico de f(x) = ax? + bx + c, donde a <0 


valor minimo (p. 479) Lacoordenada y del vértice del 
grafico de f(x) = ax? + bx + c, donde a> 0 


monomio (p. 338) Un numero, una variable o el producto 
de un numero y una o mas variables con exponentes en 
numeros enteros 


funcion no lineal (p. 98) Una funcién que no tiene una 
tasa constante de cambio y cuyo grafico no es una linea 


raiz de ordenndea (p. 284) Para un nimero entero n 
mayor que |, si b” = a, entonces b es una raiz de orden n 
de a. 


impar funcion (p. 428) Una funcién y = f(x) es impar 
cuando f(—x) = —f(x) para cada x en el dominio de f- 


parabola (p. 406) El grafico en forma de U de una funcién 
cuadratica 


lineas paralelas (0. 780) Dos lineas en el mismo plano 
que nunca se intersectan 


funcion principal (. 740) La funcidn mas basica en una 
familia de funciones 


lineas perpendiculares (p. 787) Dos lineas en el mismo 
plano que se intersectan para formar angulos rectos 


forma punto-pendiente (p. 768) Una ecuacién lineal 
escrita en la forma y — y, = m(x — x) 


polinomio (p. 339) Un monomio o una suma de 
monomios 


division larga de polinomios (p. 358) Un método para 
dividir un polinomio f(x) por un divisor distinto de cero 
d(x) para obtener un polinomio de cociente g(x) y un 
polinomio de resto r(x) 


quadratic equation (p. 476) A nonlinear equation that 
can be written in the standard form ax? + bx + c = 0, 
where a # 0 


Quadratic Formula (p. 504) The real solutions ef the 
quadratic equation ax? + bx + c = 0 are 


= Vin — 
x= = ee where a # O and b? — 4ac = 0. 
a 


quadratic function (p. 406) A nonlinear function that 
can be written in the standard form y = ax? + bx + ¢, 
where a # 0 


radical (p. 284) An expression of the form Wa 


radical expression (p. 466) An expression that contains 
a radical 


range (p.92) The set of all possible output values of a 
function 


rationalizing the denominator (o. 468) To eliminate a 
radical from the denominator of a fraction by multiplying 
by an appropriate form of 1] 


recursive rule (p. 378) A rule to define arithmetic and 
geometric sequences that gives the beginning term(s) of 
a sequence and a recursive equation that tells how a,, is 

related to one or more preceding terms 


reflection (p. 141) A transformation that flips a graph over 
a line called the line of reflection 
relation (p. 90) A pairing of inputs with outputs 


repeated roots (p. 365) Two or more roots of an equation 
that are the same number 


residual (p. 194) The difference of the y-value of a data 
point and the corresponding y-value found using the line of 


fit 


rise (p. 124) The change in y of the slope of a nonvertical 
line 


roots (p. 364) The solutions of a polynomial equation 


ecuacion cuadratica (p. 476) Una ecuacién no lineal que 
puede escribirse en la forma estandar ax? + bx + c = 0, 
donde a # 0 


formula cuadratica (p. 504) Las soluciones reales de la ; 
ecuaciOn cuadratica ax? + bx +c =0son 


=/h se WEP = : 
oo ao 2818) oa cies Oe ee 


funci6n cuadratica (p. 406) Una ecuacién no lineal que 
puede escribirse en la forma estandar y = ax? + bx + ¢, 
donde a # 0 


radical (p. 284) Una expresi6n de la forma Va 


expresion radical (o. 466) Una expresi6n que contiene 
un radical 


rango (p. 92) El conjunto de todos los resultados posibles 
de una funcién 


racionalizacion del denominador (p. 468) Eliminar un 
radical del denominador de una fraccién multiplicando por 
una forma apropiada de | 


regla recursiva (p. 378) Una regla para definir las 
secuencias aritméticas y geométricas que da el(los) 
primer(os) término(s) de una secuencia y una ecuacién 
recursiva que indica cémo se relaciona a,, a uno o mas 
términos precedentes 
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reflexi6n (p. 741) Una transformacién que voltea un 
grafico sobre una linea llamada la Ifnea de reflexién 


relaciOn (p. 90) Una pareja de valores con resultados 


raices repetidas (p. 365) Dos o mas rafces de una 
ecuaciOn que son el mismo nimero 


residual (p. 194) La diferencia del valor y de un punto de 
datos y el valor y correspondiente usando la linea de ajuste 
desplazamiento vertical (o. 124) El cambio en y de la 


pendiente de una linea no vertical 


raices (p. 364) Las soluciones deuna ecuaci6n de 
polinomios 
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rule (p. 3) A proven statement about a general 
mathematical concept 


run (p. 124) The change in x of the slope of a nonvertical 
line 


scatter plot (o. 788) A graph that shows the relationship 
between two data sets 


sequence (p. 202) An ordered list of numbers 


simplest form (o. 466) A radical that has no radicands 
with perfect nth powers as factors other than 1, no 
radicands that contain fractions, and no radicals that 
appear in the denominator of a fraction 


slope (p. 124) The rate of change between any two points 
on a line 


slope-intercept form (po. 126) A linear equation written 
in the form y = mx + b 


solution of an equation (p. 4) A value that makes an 
equation true 


solution of an inequality (0. 47) A value that makes an 
inequality true 


solution of a linear equation in two variables (p. 100) 
An ordered pair (x, y) that makes an equation true 


solution of a linear inequality in two variables (po. 252) 
An ordered pair (x, y) that makes the inequality true 


solution set (p. 47) The set of all solutions of an 
inequality 


solution of a system of linear equations (p. 220) An 
ordered pair that is a solution of each equation in the system 


solution of a system of linear inequalities (0.260) An 
ordered pair that is a solution of each inequality in 
the system 


standard form of a linear equation (p. 116) A linear 


equation written in the form Ax + By = C, where A, B, and 
C are real numbers and A and B are not both zero 
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regia (p. 3) Una afirmacién comprobada sobre un 
concepto matematico general 


desplazamiento horizontal (p. 124) El cambio en x de 
la pendiente de una linea no vertical 


diagrama de dispersion (p. 188) Un grafico que muestra 
la relacion entre dos conjuntos de datos 


secuencia (p. 202) Una lista ordenada de ntimeros 


minima expresion (o. 466) Un radical que no tiene 
radicandos con potencias perfectas de orden n como 
factores distintos a 1, que no tiene radicandos que 
contengan fracciones y que no tiene radicales que 
aparezcan en el denominador de una fraccié6n 


pendiente (p. 124) Latasa de cambio entre dos puntos 
cualesquiera en una linea 


forma interseccion-pendiente (po. 126) Una ecuacién 
lineal escrita en la forma y = mx + b 


solucion de una ecuacion (p. 4) Un valor que hace que 
una ecuacion sea verdadera 


solucion de una desigualdad (po. 47) Un valor que hace 
que una desigualdad sea verdadera 


solucion de una ecuacion lineal en dos variables 
(0. 100) Un par ordenado (x, y) que hace que una ecuaci6on 
sea verdadera 


solucion de una desigualdad lineal en dos variables 
(po. 252) Un par ordenado (x, y) que hace que la 
desigualdad sea verdadera 


conjunto soluci6n (p. 47) El conjunto de todas las 
soluciones de una desigualdad 


solucion de un sistema de ecuaciones lineales (p. 220) 
Un par ordenado que es una solucién de cada ecuacion en 
el sistema 


solucion de un sistema de desigualdades lineales 
(p. 260) Un par ordenado que es una solucién de cada 
desigualdad en el sistema 


forma estandar de una ecuacion lineal (po. 776) Una 
ecuacion lineal escrita en la forma Ax + By = C, donde A, 
By C son nimeros reales y ni A ni B son cero 


standard form of a polynomial (p. 339) A polynomial 
in one variable written with the exponents of the terms 
decreasing from left to right 


synthetic division (o. 360) A shortcut method to divide a 
polynomial by a binomial of the form x — k 


system of linear equations (p. 220) A set of tWo or 
more linear equations in the same variables 


system of linear inequalities (o. 260) A set of two or 
more linear inequalities in the same variables 


term of a sequence (p. 202) Each number in a sequence 


theorem (p. 3) A proven statement about a general 
mathematical concept 


transformation (p. 140) A change in the size, shape, 
position, or orientation of a graph 


translation (po. 140) A transformation that shifts a graph 
horizontally and/or vertically but does not change the size, 
shape, or orientation of the graph 


trinomial (p. 339) A polynomial with three terms 


vertex (p. 406) The lowest point on a parabola that opens 
up or the highest point on a parabola that opens down 


vertex form (p. 430) A quadratic function written in the 
form f(x) = a(x — h)? + k, where a # 0 


vertical shrink (. 742) A transformation that causes the 
graph of a function to shrink toward the x-axis when all 
the y-coordinates are multiplied by a factor a, where 
<a 


vertical stretch (o. 142) A transformation that causes the 
graph of a function to stretch away from the x-axis when 
all the y-coordinates are multiplied by a factor a, where 
a> Il 


forma estandar de un polinomio (o. 339) Un polinomio 
en una variable escrita con los exponentes de los términos 
decreciendo de izquierda a derecha 


divisién sintética (po. 360) Un método abreviado para 
dividir un polinomio por un binomio de la forma x — k 


sistema de ecuaciones lineales (p. 220) Un conjunto de 
dos o mas ecuaciones lineales en las mismas variables 


sistema de desigualdades lineales (p. 260) Un conjunto 
de dos o mas desigualdades lineales en las mismas variables 


término de una sucesidn (p. 202) Cada ntimero en una 
secuencia 


teorema (po 3) Una declaracién comprobada acerca de un 
concepto matematico general 


transformacion (p. 140) Un cambio en el tamaiio, forma, 
posicion u orientacion de un grafico 


traslacion (p. 740) Una transformacion que desplaza un 
grafico horizontal y/o verticalmente pero no cambia el 


tamafio, forma u orientacién del grafico 


trinomio (p. 339) Un polinomio con tres términos 
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vértice (p. 406) El punto mds bajo de una parabola que se 
abre hacia arriba o el punto mas alto de una parabola que se 
abre hacia abajo 


forma vértice (p. 430) Una funcidén cuadratica escrita en 
la forma f(x) = a(x — h)? + k, donde a # 0 


reduccion vertical (o. 742) Una transformacién que hace 
que el grafico de una funci6n se reduzca hacia el eje x 
cuando todas las coordenadas y se multiplican por un factor 
a, donde 0 <a< 1 


ampliacion vertical (p. 742) Una transformacién que 
hace que el grafico de una funci6on se amplie desde el eje x 
cuando todas las coordenadas y se multiplican por un factor 
a, donde a> | 
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x-intercept (po. 177) The x-coordinate of a point where the 
graph crosses the x-axis 


y-intercept (p. 117) The y-coordinate of a point where the 
graph crosses the y-axis 


zero of a function (. 778) An x-value of a function f for 
which f(x) = 0 


Zero-Product Property (p. 364) If the product of two real 
numbers is 0, then at least one of the numbers is 0. 
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intersecci6n x (p. 177) La coordenada x de un punto 
donde el grafico cruza el eje x 


intersecciOn y (p. 777) La coordenada y de un punto 
donde el grafico cruza el eje y 


cero de una funcion (p. 778) Un valor x de una funcién f 
para el cual f(x) = 0 


propiedad de producto cero (p. 364) Si el producto 
de dos nimeros reales es 0, entonces al menos uno de los 
numeros es 0. 


Index 


Addition 


of integers, | 
linear equations, 4 
linear inequalities, 54 
of polynomials, 337, 340-341, 396 
Property 
of Equality, 4 
of Inequality, 54 
of radicals and square roots, 465, 
470 
in units of measure, 2 
Algebra tiles, 336, 337, 345, 357, 371, 
BTL Ghee 
Algebraic expressions, simplifying, 
335 
Analyzing Mathematical 
Relationships, Throughout. 
See for example: 
patterns and structure in arithmetic 
sequences, 201 
solving 
compound inequalities, 75 
equations with variables on both 
sides, 21 
a multi-step inequality with 
variables on both sides, 69 
“and” (intersection), 74, 75 
Angles 
measuring, 3 
of a polygon, solving for angle 
measures of, 11 
Another Way 
arithmetic sequences, 204 
equation of horizontal line, 175 
equation of line, 174 
equations in standard form, possible 
combinations, 176 
graphing quadratic functions, 429 
negative exponent, 280 
parallel lines, 180 
perpendicular lines, 181 
set-builder notation, 48 
solving 
linear systems by graphing, 239 
linear systems by inspection, 238 
quadratic equations, 477, 486, 
488 
system of linear equations by 
elimination, 233 
system of linear equations by 
substitution, 227 


ve 


transformations, 144 
zeros of functions, 478 
Area 
of equilateral triangle, 488 
formulas, 27, 29 
rewriting formula for surface area, 
20 
solving equations with variables on 
both sides, 21 
Arithmetic sequence(s), 201-205, 212 
defined, 201, 202 
equations for, 204, 275 
graphing, 203 
nth term of, 275 
writing as functions, 204 
writing terms of, 202 
Assignment Guide, occurs at the 
beginning of each exercise set 
Asymptote, 293 
Average rate of change 
comparing functions using, 448-449 
defined, 448 
Axis of symmetry 
defined, 406 
finding vertex and, 418 
Binomial(s) 


defined, 339 


as factors of trinomials, 371, 377 
multiplying, 345-348 
with a trinomial, 348 
using FOIL Method, 347, 353 
square of binomial pattern, 351-352 
sum and difference pattern, 351, 353 
Break-even point, 219 
Byte, units of measure, 283 


Causation and correlation, 197 
Circle 
circumference, 27 
radius formula, 64 
Closed, set of numbers, 340 
Closure, occurs at the end of 
each lesson 
Coefficient of determination, 480 
Common difference, 202 
Common Errors 
axis of symmetry, 419 
completing the square, 495 
falling objects, 414 
negative sign in inequality, 61 


polynomial long division, 359 
polynomials, 340 
recursive rule for sequence, 321 
unit of time, 31 
Common problem-solving strategies, : 
a 
Common ratio, 312 
Completing the square ' 
defined, 494 ) 
finding maximum and minimum 
values, 496 
solving quadratic equations by, 
493-495, 508, 516 
Compound inequality(ies) ‘ 
defined, 74 
solving, 73-76, 82 
Compound interest, 303 . 
Concept Summaries 
factoring polynomials completely, 
oh) 
factoring a trinomial, relationships 
between signs, 374 
number of solutions of quadratic 
equation, 477 
representation of functions, 99 
representing linear inequalities, 49 
slope, 125 
solving linear equations, 23 
solving systems of linear equations, 
233 
Cone 
radius, 290 
volume, 27 
Conjecture, 3, 123 
Conjugates 
defined, rationalizing the 
denominator with, 468 
of golden ratio, 474 
Consistent dependent system, 239, 
See also Infinitely many 
solutions 
Constant function, 126 
Constant of variation, 134 
Continuous data, graphing, 101 
Continuous domain, 100 
Coordinate plane, 159 
Correlation 
between data sets, 189 
defined, and causation, 197 
Correlation coefficient, 195 
Counterexample, 465 
Cube roots 
finding, 285 
using properties of, 467 
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Cubic function(s), 438, 440 
Cylinder, volume of, 281, 394 


Data 


correlations between, 189 
interpolating and extrapolating, 197 
modeling with lines of fit, 190 
writing functions to model, 448, 450 
Decay, See Exponential decay 
function(s) 
Degree of a monomial, 338 
Degree of a polynomial, 339 
Dependent variable, 93 
Depreciation rate, 304 
Difference of two squares pattern, 
384 
Differences of consecutive y-values, 
447 
Differentiated Instruction, 
Throughout, See for example: 
5, 75, 202, 287, 378, 504 
Diffusion coefficient, 283 
Direct variation, 133-136, 153 
defined, 134 
identifying, 134-135 
writing an equation for, 135 
Discrete data, graphing, 100 
Discrete domain, 100 
Discrete function, 320 
Discriminant, in Quadratic Formula 
defined, 506 
interpreting, 506-507 
Distance Formula, rate and time, 
@, 30), Sl 
Distributive Property, 13 
multiplying binomials using, 346 
Division 
inequalities 
and negative numbers, 61 
and positive numbers, 60 
of integers, | 
linear equations, 5 
polynomial long division, 358-359 
of polynomials, 357-360, 397 
Property 
of Equality, 5 
of Inequality, 60, 61 
Power of a Quotient, 280 
Quotient of Powers, 279 
Quotient, of Square Roots, 
466-467 
synthetic, 360 
in units of measure, 2 
Domain of a function 
continuous, 100 
defined, 92 
discrete, 100 
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Dynamic Teaching Tools, occurs on 
each Maintaining 
Mathematical Proficiency 
page, on each Exploration 
page, on the second page of 
each exercise set, and on each 
What Did You Learn? page 


Elimination, using to solve systems of 
linear equations, 231-234, 269 
English Language Learners, 
Throughout. See for example: 
V2, 92, 2362 295609) 
English Language Proficiency 
Standards (ELPS), 
Throughout. See for example: 
4, 46, 89, 188, 361, 421 
Enrichment Strategies, occurs in each 
chapter opener, at the end of 
each exercise set, and in each 
chapter test 
Equation(s), See a/so Linear 
equation(s) 
approximating a solution of, 464 
defined, 4 
for a geometric sequence, 314 
matching equivalent forms of, 363 
multi-step, 11-15, 36-37 
polynomial, solving in factored 
form, 363-366, 397 
rewriting, 159 
rewriting literal, 28 
simple linear, 3-7, 36 
with variables on both sides, 2124, 
37, 245-248 
writing 
of parallel lines, 179-182, 211 
of perpendicular lines, 179-182, 
p2))| 
in point-slope form, 167-170, 
210 
in slope-intercept form, 161-164, 
210 
in standard form, 173-176, 
210-211 
Equivalent equations, 4 
Equivalent inequalities, 54 
Even function, 428 
Explicit rule(s) 
defined, 320 
translating to/from recursive rules, 
322 
Exponent properties, 277-281, 328 
Exponential decay, 301 
Exponential decay function(s), 
299-302, 304, 329 
defined, 301 


Exponential function(s) 
comparing to quadratic and linear 
functions, 445—450, 458 
defined, 292 
exponential growth and decay, 
299-304, 329 
graphing, 293-294 
identifying and evaluating, 291—292, 
328-329 
properties of exponents, 277-281, 
328 
radicals and rational exponents, 
285-288, 328 
writing using technology, 295 
Exponential growth, 300 
Exponential growth function(s), 
299-303, 329 
defined, 300 
Exponential regression, 295 
Expressions, evaluating, 87, 403 
with rational exponents, 287-288 
Extra Examples, occur in each lesson 
Extrapolation, 197 


Factored completely, 390 
Factored form 
defined, 364 
matching to standard forms, 389 
of polynomial equations, 363-366, 
397 
Factoring 
difference of two squares, 384 
perfect square trinomials, 385 
polynomials, 364-366 
ax? + bx + c, 377-380, 398 
completely, 389-392, 398 
by grouping, 390 
special products, 383-386, 398 
x? + bx + c, 371-374, 397 
writing prime factorizations, 335 
Factoring by grouping, 390 
Factors and zeros, 438 
Family of functions, 140 
Fibonacci sequence, 323 
FOIL Method, 347, 353 
Formulas 
circle 
circumference, 27 
radius, 64 
cone 
radius, 290 
volume, 27 
cylinder, volume, 281, 394 
defined, 29 
Distance (rate, time), 6, 30, 31 
Quadratic (See Quadratic Formula) 


quarterback passing efficiency, 53 
rectangular prism, volume, 27 
rewriting for surface area, 29 
simple interest, 30, 31 
sphere, radius, 288 
temperature, 30 
trapezoid, area, 27 
Formulating a plan, 115 
Four-step approach to problem 
solving, 6 
Function(s), 89-93, 150 
comparing linear, exponential, and 
quadratic, 445—450 
comparing, using average rates of 
change, 448-449 
constant, 126 
defined, 89, 90 
differences and ratios of, 447 
domain and range, 92 
exponential (See Exponential 
function(s)) 
family of, 140 
finding zeros of, 437-438 
identifying, 89 
independent and dependent 
variables, 93 
linear (See Linear function(s)) 
parent, 140 
quadratic (See Quadratic 
function(s)) 
relations and, 90-91 
representations of, 99 
Vertical Line Test, 91 
zero of, 118 
Function notation, 107-110, 151 
defined, 107, 108 
evaluating and interpreting, 108 
graphing a linear function, 109 
solving for independent variable, 


109 


GCF, See Greatest common factor 
(GCF) 
Geometric sequence(s), 31 1]—315, 330 
common ratio, 312 
defined, 312 
equation for, 314 
graphing, 313 
nth term of, 314 
writing as functions, 314 
Golden ratio, 474 
Golden ratio conjugate, 474 
Golden rectangle, 469 
Graph of an inequality, 48 
Graph of a linear inequality, 252 


ee 


Graph of a system of linear 
inequalities, 261 
Graphing 
arithmetic sequences, 203 
compound inequalities, 74 
cubic functions, 440 
exponential functions, 293-294 
geometric sequences, 313 
integers, 43 
linear equations 
in slope-intercept form, 123-128, 
152 
in standard form, 115-119, 151 
using intercepts, 117 
from verbal description, 127 
linear functions, 100-101, 217 
continuous data, 100-101 
discrete data, 100 
matching functions with graphs, 
107 
using function notation, 109 
linear inequalities, 45, 47—48, 80, 
217 
in one variable, 253 
in two variables, 251-253, 270 
points, 87 
quadratic functions 
f(x) = (ax), 408 
F(x) = ax — p)\ — q), 435-439 
fd) = a(x — h)? + k, 427-431, 
457 
f(x) = ax”, 405-408, 456 
f@O) = ax? + bx + c, 417-421, 
457 
FO)= ae ce 444 456 
parent function, 404, 406 
using zeros, 438 
solving equations by, 245-248, 270 
solving quadratic equations by, 
475-480, 515 
systems 
of linear equations, 219-222, 
268, 463 
of linear inequalities, 259-263, 
270 


Graphing calculator 


exponential regression feature, 295 

finding line of best fit, 193, 196 

finding point of intersection, 218 

intersect feature, 450, 505 

linear inequalities in two variables, 
25 

linear regression feature, 196, 295 

maximum feature, 421 

quadratic regression feature, 480 

solving inequality in one variable, 
44 


table feature, 315 
trace feature, 197 
viewing windows, standard and 
square, 88, 167 
zero feature, 479 
Graphs 
of an inequality, 48 
of linear functions, transformations 
of, 139-144, 154 
combining transformations, 
143-144 
comparing graphs of functions, 
leo 
matching functions with graphs, 
139 
reflections, 141 
shrinks, 142-143 
stretches, 142 
translations, 140 
of linear inequality, 252 
of system of linear inequalities, 261 
using to write equations, 162 
Greatest common factor (GCF) 
factoring out, 378 
factoring polynomials using, 365 
Greatest common monomial factor, 
365 
Growth, See Exponential growth 
function(s) 


Half-planes, 252 
Homework Check, occurs at the 
beginning of each exercise set 
Horizontal lines 
slope of, 175, 182 
standard form of linear equation, 
116 
writing equations of, 175 
Horizontal shrink 
defined, 142 
graph of, 143 
Horizontal stretch 
defined, 142 
and shrinks, graph of, 142 
Horizontal translations, 140 


Identity, 23 


Inconsistent system, 238, See also 
No solutions 
Independent variable 
defined, 93 
using function notation to solve, 109 
Index of a radical, 286 
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Inequality(ies), See also Linear 
inequalities 
defined, 46 
symbols for, 46, 47 
Infinitely many solutions 
of linear equations, 23 
in system of linear equations, 
237-240 
Input-output tables, 89, 99 
Integers 
adding and subtracting, 1 
multiplying and dividing, | 
Intercept form 
defined, of quadratic functions, 436 
using to find zeros of functions, 
435-440, 458 
Interpolation, 197 
Intersection (and), 74, 75 
Inverse operations 
defined, 4 
multiplication and division, 5 


Leading coefficient, 339 
Like radicals, 470 
Line(s) of best fit, 195-196 
Line(s) of fit 
analyzing, 193-197, 212 
correlation and causation, 197 
defined, 190 
finding lines of best fit, 193, 
195-196 
and residuals, 194-195 
and scatter plots, 187—190, 211 
using to model data, 190 
Linear equation(s) 
graphing 
in slope-intercept form, 123-128, 
SZ 
in standard form, 115-119, 151 
using table of values, 403 
identify special solutions of, 23 
in one variable, defined, 4 
real-life applications, 6-7 
rewriting equations and formulas, 
27-31, 38 
in slope-intercept form, 126-127 
solving 
by adding or subtracting, 4 
equations with variables on both 
sides, 21-24, 37 
by graphing, 245-248 
by multiplying or dividing, 5 
multi-step equations, 11-15, 
36-37 
simple equations, 3-7, 36 
special solutions of, 23 
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standard form of, 116 
steps for solving, 23 
systems of (See System(s) of linear 
equations) 
Linear equation in two variables 
defined, 98 
solution of, 100 
Linear function(s) 
comparing to exponential and 
quadratic functions, 445—450, 
458 
graphing, 217 
Linear functions, graphing 
about functions, 89-93 (See also 
Function(s)) 
about linear functions, 97-102 
constant, 126 
defined, 98 
function notation, 107-110 
graphing, 100-101 
identifying, 98-99, 150 
using equations, 99 
using graphs, 98 
using tables, 98 
modeling direct variation, 133-136 
transformations of graphs of, 
139-144, 154 
Linear functions, writing 
arithmetic sequences, 201—205 
lines of fit, analyzing, 193-197 
scatter plots and lines of fit, 187-190 
writing, 163 
writing equations 
of parallel and perpendicular 
lines, 179-182 
in point-slope form, 167—170 
in slope-intercept form, 161-164 
in standard form, 173-176 
Linear inequalities 
graphing, 45, 47—49, 80, 217 
representing in words, algebra, 
and graphs, 49 
solving 
compound inequalities, 73-76, 82 
multi-step inequalities, 67-70, 81 
using addition or subtraction, 
53-56, 80 
using multiplication or division, 
59-62, 81 
special solutions of, 69 
systems of, 259-263, 270 
writing, 45—46, 49, 80 
Linear inequality(ies) in 
two variables 
defined, 252 
graphing, 251-253, 270 
writing, 251, 254 


Linear model, 164 
Linear regression 
defined, 195 
finding line of best fit, 193, 195 
on graphing calculator, 196, 295 
Linear system, 220, See also 
System(s) of linear equations 
Literal equation, 28 
Long division of polynomials, 
358-359 


Mapping diagrams, 90, 99 
Maximum value 
defined, 419 
finding, of quadratic function, 
419-421 
by completing the square, 496 
Measuring 
angles, 3 
specifying units, 2 
Mini-Assessment, occurs at the end of 
each exercise set 
Minimum value 
defined, 419 
finding, of quadratic function, 
419-42] 
by completing the square, 496 
Modeling direct variation, 133-136, 
3S) 
Modeling with Mathematics, 
Throughout. See for example: 
geometric sequences, 315 
linear equations, 6, 7, 14-15, 24 
linear functions, 161, 164, 176 
linear inequalities, 53, 56, 76, 255 
polynomials, 354, 366, 386 
quadratic equations, 469, 498, 505 
quadratic functions, 421, 431 
systems of linear equations, 222, 
228, 234, 239, 240, 247, 248 
systems of linear inequalities, 263 
Monomial(s) 
defined, 338 
dividing polynomials by, 358 
multiplication of, 345 
Multiplication 
inequalities 
and negative numbers, 61 
and positive numbers, 60 
of integers, | 
linear equations, 5 
of polynomials, 345-348, 396 
Property 
of Equality, 5 
of Inequality, 60, 61 
Power of a Power, 279, 286 


Power of a Product, 280 
Product of Powers, 279 
Product, of Square Roots, 466 
of radicals and square roots, 465, 
470 
in units of measure, 2 
Multi-step equations 
combining like terms to solve, 12 
solving, 12-13 
a two-step equation, 12 
using structure to solve, 13 
using unit analysis on real-life 
problems, 15 
writing a multi-step equation, | 1 
Multi-step inequalities, solving, 
67-70, 81 


Negative Exponents Property, 278 
Negative numbers, multiplying or 
dividing inequalities, 61 
No solutions 
of linear equations, 23 
in system of linear equations, 
237-238 
in system of linear inequalities, 261 
Nonlinear function(s), 98 
Notation 
functions, 107-110, 151 
standard, 107 
nth root of a, 286 
nth roots, 285-287 
nth term 
of arithmetic sequences, 204, 275 
of geometric sequence, 314 
Number line, 7 
describing intervals on, 73 
graphing numbers on, 43 


Odd function, 428 

“or” (union), 74, 75 
Order of operations, 275 
Ordered pairs, 90 


Pacing Guide, Ixiv, 42, 86, 158, 216, 
274, 334, 402, 462 

Parabola, 406 
Parallel lines 

defined, 180 

writing equations of, 179-182, 211 
Parent function, 140 
Parent quadratic function, 404, 406 
Pascal’s Triangle, 326 


ve 


Patterns 
arithmetic sequences, 201 
difference of two squares pattern, 
384 
geometric sequences, 311 
in horizontal and vertical 
translations, 140 
Pascal’s Triangle, 326 
perfect square trinomial pattern, 385 
recursively defined sequences, 319 
for similar figures, 97 
square of binomial pattern, 351-352 
sum and difference pattern of 
polynomials, 351, 353 
writing rules, 59 
Perfect square trinomial pattern, 385 
Perfect square trinomials 
completing the square, 494 
factoring, 463 
Performance Tasks 
Any Beginning, 209 
Asteroid Aim, 455 
The Cost of a T-Shirt, 149 
Form Matters, 513 
Grading Calculations, 79 
Magic of Mathematics, 35 
The New Car, 327 
Prize Patrol, 267 
The View Matters, 395 
Perimeter, solving equations with 
variables on both sides, 21 
Perpendicular lines 
defined, 181 
writing equations of, 179-182, 211 
Point-slope form 
defined, 168 
writing equations in, 167-170, 210 
Polygons, solving for angle measures 
of RIG 
Polynomial(s) 
adding and subtracting, 337, 
340-341, 396 
classifying, 339 
defined, 339 
degrees of monomials, 338 
dividing, 357-360, 397 
factoring 
Qe Dee, 371380. 398 
completely, 389-392, 398 
by grouping, 390 
special products, 383-386, 398 
x* + bx + c, 371-374, 397 
multiplying, 345-348, 396 
special products of, 351-354, 
383-386, 396, 398 
in standard form, 339 


Polynomial equations, solving in 
factored form, 363-366, 397 
Polynomial long division, 358-359 
Positive numbers, multiplying or 
dividing inequalities, 60 
Power of a Power Property, 279, 286 
Power of a Product Property, 280 
Power of a Quotient Property, 280 
Powers, 279-280 
Precise Mathematical Language 
communication and symbols, 45 
definitions and symbols, 107 
table of values and graphing, 438 
viewing window for graphs, 196 
Predictions, of future events with 
growth pattern, 299 
Prime factorizations, 335 
Problem Solving, Throughout. See for 
example: 
common strategies, 7 
finding a pattern, 276 
four-step approach to, 6 
graphing parent quadratic function, 
404 
guess, check, and revise strategy, 
464 
using a strategy, 160 
Product of Powers Property, 279 
Product Property of Square Roots, 
466 
Properties 
Addition Property of Equality, 4 
Addition Property of Inequality, 54 
Distributive Property, 13 
Division Property of Equality, 5 
Multiplication and Division 
Properties of Inequality, 60, 61 
Multiplication Property of Equality, 
5) 
Negative Exponents, 278 
Power of a Power, 279, 286 
Power of a Product, 280 
Power of a Quotient, 280 
Product of Powers, 279 
Product Property of Square Roots, 
466 
Quotient of Powers, 279 
Quotient Property of Square Roots, 
466-467 
Subtraction Property of Equality, 4 
Subtraction Property of Inequality, 
55 
Zero Exponent, 278 
Zero-Product Property, 364 
Punnett square and gene 
combinations, 354, 356 
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Quadratic equation(s) 
approximating solutions of, 487 
defined, 476 
methods for solving, summary of, 

507 
number of solutions of, 476-477 
properties of radicals, 465-470, 514 
solving 
by completing the square, 
493-498, 508, 516 
by factoring, 508 
by graphing, 475—480, 515 
using Quadratic Formula, 
503-508, 516 
using square roots, 485—488, 515 

Quadratic Formula 
defined, 504 
deriving, 503 
interpreting the discriminant, 

506-507 
solving quadratic equations using, 
503-508, 516 

Quadratic function(s) 
characteristics of, 406 
comparing to linear and exponential 

functions, 445-450, 458 
defined, 406 
even and odd functions, 428 
graphing 
f(@) = (ax)*, 408 
f@) = aa — p)(x — g), 435-439 
FO) = GG — ee 27431, 
457 
f(x) = ax’, 405-407, 456 
eee oe al 4 Ie 
457 
i= | els eesG 
parent function, 404 
using zeros, 438 
interpreting forms of, 497 
using intercept form to find zeros, 
435-439, 458 
Quadratic regression, 480 
Quadrilaterals, measuring angles of, 
3,8 
Quotient of Powers Property, 279 
Quotient Property of Square Roots, 
466-467 


Radical(s) 


adding and subtracting, 470 
defined, 286 
multiplying, 470 
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properties of, 465-470, 514 
Product Property of Square 
Roots, 466 
Quotient Property of Square 
Roots, 466-467 
roots and rational exponents, 
285-288, 328 
Radical expression, 466 
Radicand, 287 
Range of a function, 92 
Rational exponents, 287-288 
Rationalizing the denominator, 468 
Ratios of functions, and differences, 
447 
Reading 
causal relationship, 197 
ellipsis, 202 
function notation, 108 
if and only if, 180 
inequalities, 46, 252 
linear system, 220 
nth roots, 286 
solutions of an identity, 23 
subscripts, 124 
Real nth roots of a, 286 
Real-life problems, Throughout. See 
for example: 
exponential functions 
bacteria populations, 294 
beach ball radius, 288 
car depreciation, 304 
compound interest, 303 
volume of cylinder, 281 
inequalities 
electric circuit, 56 
electrical devices and 
temperature, 76 
hourly wage, 62 
trivia game, 70 
linear equations 
solving multi-step, 14 
using Distance (rate, time) 
Formula, 31 
using unit analysis to model, 15 
with variables on both sides, 24 
linear functions 
artist’s profit, 118 
cable fees, 144 
discrete or continuous, 102 
elevation of submersible, 128 
fish tank and salt, 136 
helicopter distance, 110 
table seatings, 119 


linear inequalities and prices of fruit, 


255 
linear models 
arithmetic sequences, 205 


function types, comparing, and 
populations, 450 
possible combinations, 176 
renewable energy, 164 
school spirit, 170 
polynomials 
arch of fireplace, 366 
falling distance and time, 341, 
386 
hockey trapezoidal region, 348 
land area, 374, 380 
Punnett square and gene 
combinations, 354, 356 
terrarium as rectangular prism, 
oo2 
problem solving 
four-step approach to, 6 
strategies, 7 
quadratic equations 
dimensions of touch tank, 488 
height of football, 479 
height of rocket, 497 
quadratic functions 
falling object, 414 
satellite dish, 408 
water fountains, 431 
radical equations and horizon 
distance, 469 
systems of linear equations and 
car rental, 248 
cost of delivery vans, 234 
drama club tickets, 228 
fish populations, 247 
perimeter of land, 240 
renting banquet halls, 239 
roofing shingles, 222 
teacher salaries, 234 
systems of linear inequalities and 
time to spend, 263 
Reasoning Throughout. See for 
example: 
compound inequalities, 73 
linear equations, 23 
quantities and relationships, 187 
representation of problem, 73 
unit analysis, 27 
using formulas, 27 
Rectangular prism, volume, 27 
Recursive Equation, 319 
for an Arithmetic Sequence, 320 
for a Geometric Sequence, 320 
Recursive rule(s) 
defined, 320 
translating to/from explicit rules, 
B22 
writing, 321, 323 


Recursively defined sequences, 
319-323, 330 
writing recursive rules, 321 
writing terms of, 320 
Reflection(s) 
defined, 141 
in x-axis, 141 
in y-axis, 141 
Regression 
exponential, 295 
linear, 193, 195, 196, 295 
quadratic, 480 
Regular dodecahedron, volume, 290 
Relation(s) 
defined, 89, 90 
functions and, 90-91 
Remember 
approximately equal symbol, 6 
compatible numbers, 62 
compound inequality with “and,” 74 
constant rate of change, 98 
distance formula, 6 
division by 0, 28 
dollars per person, 15 
domain and range, 419 
domain of set, 205 
f(x) notation, 406 
functions, 163 
functions/zeros and 
graphs/x-intercepts, 437 
functions/zeros, graphs/x-intercepts, 
equations/solutions, 479 
inequality solution, 54 
inverse operations, 5 
linear equations, 221 
mapping diagram, 90 
mean, 70 
miles per day, 15 
negative reciprocal, 181 
number line, 7 
power and exponents, 279 
quadratic functions, stretch, shrink, 
and reflection, 407 
quadratic functions, translations, 412 
radicand, 287 
scientific notation, 28 | 
slopes of horizontal and vertical 
lines, 182 
x-intercept, 127 
Repeated roots, 365 
Residual(s), 194—195 
Reteaching Strategies, occurs in each 
chapter opener, at the end of 
each exercise set, and in each 
chapter test 
Rise, 124 
Roots, 364 


Roots, nth, 285-287 

Rule 
defined, 3 
for properties of exponents, 277 
writing inequalities, 59 

Run, 124 


Scatter plots 
defined, 187, 188 
and lines of fit, 187-190, 211 
Scientific notation, 28 | 
Sequence(s) 
arithmetic, 201-205, 212 
defined, 202 
Fibonacci, 323 
geometric, 311-315, 330 
recursively defined, 319-323, 330 
Set-builder notation, 48 
Shrinks, 142-143 
Simple interest, formula for, 30, 31 
Simplest form, 466 
Slope, and points, See Point-slope form 
Slope-intercept form 
defined, 126 
graphing linear equations in, 
123-128, 152 
writing equations in, 161-164, 210 
Slope of line 
defined, 123, 124 
finding, 123-125 
of horizontal and vertical lines, 175, 
182 
identifying slopes and y-intercepts, 
126 
positive, negative, 0, and undefined, 
125 
Solution(s) 
defined, 4 
number from linear equations, 23 
number from linear systems, 238 
number from quadratic equation, 
477 
Solution of an inequality, 47 
Solution of a linear equation in 
two variables, 100 
Solution of a linear inequality in 
two variables, 252 
Solution set, 47 
Solution of a system of linear 
equations, 220 
Solution of a system of linear 
inequalities, 260 


Sphere 
radius, 288 
volume, 290 


Square of binomial pattern, 35 1—352 
Square roots 
finding, 275 
operations with, 465 
Product Property of, 466 
Quotient Property of, 466-467 
solving quadratic equations using, 
485-488, 515 
Standard form 
defined, 116 
graphing linear equations in, 
115-119, 151 
of polynomials 
defined, 339 
matching to factored form, 363, 
389 
writing equations in, 173-176, 
210-211 
Stretches, 142 
Structure, solving a multi-step 
equation, 13 
Study Skills 
Analyzing Your Errors 
Application Errors, 65 
Misreading Directions, 309 
Study Errors, 243 
Completing Homework Efficiently, 
i 
Getting Actively Involved in Class, 
185 
Keeping a Positive Attitude, 491 
Learning Visually, 425 
Preparing for a Test, 369 
Staying Focused during Class, 113 
Substitution, using to solve systems of 
linear equations, 225-228, 268 
Subtraction 
of integers, 1 
linear equations, 4 
linear inequalities, 55 
of polynomials, 337, 340-341, 396 
Property 
of Equality, 4 
of Inequality, 55 
of radicals and square roots, 465, 
470 
in units of measure, 2 
Sum and difference pattern, 351, 353 
Symbols 
approximately equal to, 6 
for inequality, 46, 47, 251 
Symmetric about the origin, 428 
Symmetry, See Axis of symmetry 
Synthetic division, 360 
System(s) of linear equations 
defined, 219, 220 
solving 


a 


b 
L 
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by elimination, 231-234, 269 
equations by graphing, 245-248 
by graphing, 219-222, 268, 463 
special systems, 237-240, 269 
by substitution, 225-228, 268 

writing, 219 

System(s) of linear inequalities 
defined, 260 
graphing and writing, 259-263, 270 


Technology, See Graphing calculator 
Temperature 
compound inequalities of, 76 
formula for, 30 
Term(s) 
arithmetic sequences, finding the nth 
term of, 204 
defined, 202 
writing for arithmetic sequences, 
202 
Texas Essential Knowledge and 
Skills, occurs on each 
Maintaining Mathematical 
Proficiency page, and on each 
Exploration page 
Texas Essential Knowledge and Skills 
(TEKS) Summary, Ixiv, 42, 
86, 158, 216. 274, 334, 402, 
462 
Theorem, 3 
Transformation(s) 
defined, 140 
of graphs of linear functions, 
139-144, 154 
combining transformations, 
143-144 
reflections in x-axis and y-axis, 
141 
shrinks, 142-143 
stretches, 142 
translations, horizontal and 
vertical, 140 
of graphs of parent quadratic 
functions, 406 
of graphs of quadratic functions, 430 
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Translation(s) 
defined, 140 
horizontal, 140 
vertical, 140 
Trapezoid, area, 27 
Trend line, 190 
Triangle, equilateral, area of, 488 
Trinomial(s) 
defined, 339 
factoring x? + bx + c, 371-374, 397 
multiplying with a binomial, 348 


Union (or), 74, 75 
Unit analysis, 15 
Units of measure, 2 


Variables 


independent and dependent, 93 
solving equations with variables on 
both sides, 21-24 
Vertex 
in quadratic function 
comparing x-intercepts with, 417 
defined, 406 
finding axis of symmetry and, 
418 
Vertex form of quadratic function, 
430 
Vertical Line Test, 91 
Vertical lines 
slope of, 175, 182 
standard form of linear equation, 
116 
writing equations of, 175 
Vertical shrink 
defined, 142 
graph of, 143 
of quadratic function, 407 
Vertical stretch 
defined, 142 
of quadratic function, 407 
and shrinks, graph of, 142 
Vertical translations, 140 


Volume formulas 
of cone, 27 
of cylinder, 281, 394 
of rectangular prism, 27 
regular dodecahedron, 290 


sphere, 290 


Writing, Throughout. See for example: 

compound inequalities, 74 

linear inequalities, 45—46, 49 

linear inequalities in two variables, 
251, 254 

rewriting equations and formulas, 
27-31 

rules for inequalities, 59 

system of linear inequalities, 262 


x-axis reflections, 141 

x-intercept 
comparing with vertex, 417 
defined, 115, 117 
finding number for parabola, 507 
using to graph linear equations, 117 


y-axis reflections, 141 
y-intercept 
defined, 115, 117 
finding slopes and, 123 
identifying slopes and, 126 
using to graph linear equations, 117 
using to write equations, 162 


Zero Exponent Property, 278 
Zero of a function 
defined, 118 
in falling object problem, 414 
finding and approximating, 478 
using intercept form, 435-440, 458 
Zero-Product Property, 364 


Reference 


Properties 


Properties of Equality 


se 


Addition Property of Equality 
Ifa=b,thena+c=b-e. 


Multiplication Property of Equality 
Ifa=b,thenasc=b-ec,c#0. 
Properties of Inequality 


Addition Property of Inequality 
Ifa>b,thena+c>b-+e. 
Ifa<b,thena+c<bt+e. 


Multiplication Property of Inequality (c > 0) 


If a>bandc>0, then ac > be. 


If a<bandc>0, then ac < he. 


Multiplication Property of Inequality (c < 0) 


If a> b and c <0, then ac < be. 
Ifa<bandc <0, then ac > be. 


* The Properties of Inequality are also true for > and <. 


Properties of Exponents 


Zero Exponent 
a° = |, where a + 0 


Negative Exponent 


= ] 
aqt= = where a # 
a 


Quotient of Powers Property 


gee 
a where a # 0 
a 


(a™yr = qin 

Power of a Quotient Property 

r- 
b 


= where b # 0 
Properties of Radicals 


Rational Exponents 


Product Property of Square Roots 
Vab = Va + Vb, where a, b = (i) 


Other Properties 


Zero-Product Property 
If a and b are real numbers and ab = 0, then a = Oorb = 0. 


Power of a Power Property 


quit = (qiin)m = Cae 


Subtraction Property of Equality 
Ifa =b, thena—-—c=b-c. 


Division Property of Equality 
Ifa =b, thena+c=b+c,c#0. 


Subtraction Property of Inequality 
Ifa>b,thena—c>b-e. 
Ifa<b,thena—-—c<b-c. 


Division Property of Inequality (c > 0) 


asbanlest snes 2 
CanG 


a2 emilee 
Cc Cc 


Division Property of Inequality (c < 0) 
Ifa>bandc<0, then 2 
C 


fa<bande<0, then 2 >2 
Cc 


2] 
i] 
= 
i) 
— 4 
i") 
=) 
a 
@ 


Product of Powers Property 
greg? =qnrtn 


0 


Power of a Product Property 
(aby = amp 


Quotient Property of Square Roots 
(f= ‘4 where a > Oandb>0 


Vb 
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Patterns 


Square of a Binomial Pattern Sum and Difference Pattern 

(a + b)? = a? + 2ab + b? Ga a ol =a 

(@—- 0) =a = ap 

Difference of Two Squares Pattern Perfect Square Trinomial Pattern 
a* — b* = (a + ba — b) @ 240 > — (a ep) 


G2 = Vili ye = (a le 


Formulas 


Slope Slope-intercept form Point-slope form 

i T= ee VS) 
| 

Standard form of a linear equation Standard form of a quadratic function 

Ax + By = C, where A and B are not both 0 f(x) = ax? + bx + c, where a # 0 

Vertex form of a quadratic function Intercept form of a quadratic function 

f(x) = a(x — h)? + k, where a # 0 PO) 2G pie — awed A) 

Axis of Symmetry Quadratic Formula 
= —hb + Vh2 — 

ee ee ence = Onl een 

2a 2a 

Exponential growth Exponential decay 

y = ai + r)', where a>0O andr>0 y= al — r)', wherea>OandO<r<1 

Explicit rule for an arithmetic sequence Explicit rule for a geometric sequence 

a, =a,+(n-1)d a, = ar"! 

Recursive equation for an arithmetic sequence Recursive equation for a geometric sequence 


a,=a +d 
n all = 
a, =Vea, 1 
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Perimeter, Area, and Volume Formulas 


Square Rectangle Triangle 
s w a 3 

s £ 2 
P=A4s Pe Oy P=at+bt+e 
A=3 A= lw A = sbh 
Circle Parallelogram Trapezoid 


ym 


Care — oar A = bh A = 5h(b, + by) 
A= ar 
Rhombus/Kite Regular n-gon 


VV 


—25 :—e | 
A = 3d,d, A = 3aP or A = sa ens 


auUdJajoy 


Prism Cylinder Pyramid 


Vp 
LD Ph L = 2arh L=5Pé 
S=2B+ Ph S = 2ar + 2arh Gab ay 
V=Bh V = arh wor as 
= 3Bh 

Cone 

ih, = ell S = 4ar 

S = ar + arl = sa 


V= iarh 


Reference A59 


Other Formulas 


Pythagorean Theorem 
pee 


Conversions 


U.S. Customary 

1 foot = 12 inches 

1 yard = 3 feet 

1 mile = 5280 feet 

1 mile = 1760 yards 

1 acre = 43,560 square feet 
1 cup = 8 fluid ounces 

1 pint = 2 cups 

1 quart = 2 pints 

1 gallon = 4 quarts 

1 gallon = 231 cubic inches 
1 pound = 16 ounces 

1 ton = 2000 pounds 


Metric 

1 centimeter = 10 millimeters 

1 meter = 100 centimeters 

1 kilometer = 1000 meters 

1 liter = 1000 milliliters 

1 kiloliter = 1000 liters 

1 milliliter = 1 cubic centimeter 
1 liter = 1000 cubic centimeters 
1 cubic millimeter = 0.001 milliliter 
1 gram = 1000 milligrams 

1 kilogram = 1000 grams 
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Simple Interest 
I= Prt 


Compound Interest 


y= P(t ey 
n 


U.S. Customary to Metric 
1 inch = 2.54 centimeters 
1 foot ~ 0.3 meter 

1 mile ~ 1.61 kilometers 

1 quart + 0.95 liter 

1 gallon ~ 3.79 liters 

1 cup ~ 237 milliliters 

1 pound = 0.45 kilogram 

1 ounce ~ 28.3 grams 


1 gallon ~ 3785 cubic centimeters 


Distance 
a = fi 


Time 

1 minute = 60 seconds 
1 hour = 60 minutes 

1 hour = 3600 seconds 
1 year = 52 weeks 


‘Temperature 
C = 2(F — 32) 
F=2C +32 


Metric to U.S. Customary 


1 centimeter ~ 0.39 inch 


1 meter ~ 3.28 feet 


1 meter ~ 39.37 inches 
1 kilometer ~ 0.62 mile 


1 liter ~ 1.06 quarts 
1 liter ~ 0.26 gallon 


1 kilogram ~ 2.2 pounds 
1 gram ~ 0.035 ounce 
1 cubic meter ~ 264 gallons 
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Process Standards 


The Texas Mathematical Process Standards are woven throughout the 
Big Ideas Math program. Every lesson provides students with the opportunity 
to develop these habits of mind that are required for success in high school 
mathematics and for college and career readiness. 


Apply mathematics to problems 
arising in everyday life, society, and 
the workplace. 


Use a problem-solving model that 
incorporates analyzing given 
information, formulating a plan 

or Strategy, determining a solution, 
justifying the solution, and evaluating 
the problem-solving process and the 
reasonableness of the solution. 


Select tools, including real objects, 
manipulatives, paper and pencil, 
and technology as appropriate, and 
techniques, including mental math, 
estimation, and number sense as 
appropriate, to solve problems. 


@ Communicate mathematical ideas, 


€ 


reasoning, and their implications 
using multiple representations, 
including symbols, diagrams, graphs, 
and language as appropriate. 


Create and use representations to 
organize, record, and communicate 
mathematical ideas. 


r) 


Analyze mathematical relationships 
to connect and communicate 
mathematical ideas. 


Display, explain, and justify 
mathematical ideas and arguments 
using precise mathematical language 
in written or oral communication. 
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